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ABSTRACT: 

It  has  often  been  argued  that  prices  are  sticky  in  the  United  States. 
However,  the  empirical  papers  that  have  claimed  to  support  this  view  have  not 
reflected  any  formal  behavioral  theory.   This  paper  presents  a  theory  that 
justified  price  stickyness;  namely  that  firms,  fearing  to  upset  their  cus- 
tomers, attribute  a  cost  to  price  changes.   The  rational  expectations  equil- 
ibrium of  an  economy  with  many  such  firms  is  presented,  estimated  with  post- 
war U.S.  data  and  tested  against  alternative  hypotheses.   The  results  largely 
support  the  model.   Furthermore,  the  hypothesis  that  prices  are  not  sticky  is 
rejected  by  U.S.  data. 


*  Assistant  Professor,  Sloan  School  of  Management,  M.I.T.   This  paper  is  a 
revised  version  of  Chapter  IV  of  my  Ph.D.  dissertation.   I  am  indebted  to 
Alan  Blinder,  William  Branson  and  Stephen  Kealhoffer  for  helpful  comments 
and  suggestions. 
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I.     Introduction 

It  is  often  argued  that  prices  are  sticky  in  the  United  States.   In 
particular,  various  empirical  papers  have  claimed  to  provide  evidence  that 
supports  this  view.   However,  these  empirical  papers  have  suffered  from 
one  major  common  flaw.   None  of  them  estimated  equations  that  represented 
a  formal  theory.   Therefore,  their  results  are  very  hard  to  interpret. — 
In  general  these  studies  have  assumed  that  prices  adjust  at  a  constant 
rate  to  their  desired  value.   The  desired  value  was  then  assumed  to  depend 
on  both  the  current  and  lagged  values  of  a  variety  of  variables  (unit 
labor  costs,  the  level  of  capacity  utilization,  the  rental  price  of 
capital,  the  level  of  output  and  the  level  of  capital  are  but  examples  of 
these  variables) .   Then  these  authors  estimated  equations  that  made 
current  prices  a  function  of  lagged  prices  and  the  variables  purported  to 
influence  the  desired  prices.   The  fact  that  in  the  U.S.  lagged  prices 
help  to  explain  current  prices  was  taken  by  these  authors  as  evidence 
that  prices  are  sticky.   The  papers  by  Eckstein  and  Fromm  [1968],  and 
De  Menil  [1974]  as  well  as  the  MPS  model  as  reported  by  Hymans  [1972], 
De  Menil  and  Enzler  [1972]  and  McCallum  [1978]  proceed  exactly  as  outlined 
above.  Eckstein  and  Wyss  [1972]  who  concentrate  on  individual  prices, 
also  make  the  desired  prices  a  function  of  a  variety  of  variables  and, 

instead  of  allowing  lagged  prices  to  explain  current  prices, 
they  estimate  their  price  equations  by  correcting  for  first  order  serial 
correlation.   It  is  hard  to  Interpret  this  procedure,  but  it  also  would 
appear  consistent  with  some  form  of  price  rigidity. 
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Of  course,  just  the  fact  that  lags  of  the  variables  relevant  in  ex- 
plaining "desired"  prices  are  significant  explanators  of  current  prices 
seems  to  point  towards  the  existence  of  some  sort  of  rigidity.   This  view 
is  not  shared  by  Sahling  [1977].   He  explains  current  prices  by  current 
and  lagged  values  of  various  variables.   He  does  not  include  lagged  prices 
in  his  list  of  explanators  of  current  prices.   Instead,  he  appears  to  think 
that  prices  are  flexible  if  the  current  and  lagged  rates  of  return  on  capi- 
tal do  not  help  in  predicting  current  prices .   He  views  prices  as  relatively 
inflexible  if  neither  the  stocks  of  labor  nor  those  of  capital  help  explain 
prices.   He  concludes  that  the  data  support  the  hjrpothesis  that  prices  are 
relatively  rigid. 

Domberger  [1979]  goes  one  step  further.   He  computes  the  "speed  of 
adjustment"  of  prices  towards  his  measure  of  "desired"  prices  for  a  variety 
of  industries.   He  then  runs  a  regression  of  the  speeds  of  adjustment  of 
these  industries  on  some  indicators  of  industry  structure.  Again,  even 
though  the  results  seem  plausible,  they  are  hard  to  interpret  in  the  ab- 
sence of  a  theory. 

Many  of  these  authors  state  that  prices  are  sticky  because  firms 
face  costs  of  changing  their  prices.   These  costs  range  from  the  objective 
costs  of  printing  new  price  lists  to  the  costs  borne  by  firms  as  they 
render  their  customers  unhappy  with  recurrent  price  changes.  It  turns  out 
that  if  one  couples  the  assumption  that  firms  face  costs  of  changing 
prices  with  assumptions  about  functional  forms,  that  the  set  of  paths 
for  output  and  prices  that  does  not  reject  these  assumptions  is  fairly 
small.   In  particular,  the  implied  stochastic  processes  can  be  estimated. 
Furthermore,  the  coefficients  that  result  from  this  estimation  have  an 
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easy  interpretation.  Finally,  the  implications  of  the  assumptions  can  be 
tested  against  both  the  hypothesis  that  prices  adjust  instantaneously  and 
against  other  hypotheses  which  impose  fewer  restrictions  on  the  paths  of 
prices  and  quantities.   This  estimation  of  a  model  in  which  it  is  costly 
to  change  prices  and  the  tests  of  this  model  are  the  purpose  of  this 
paper. 

I  start  in  Section  II  by  presenting  the  model  which  has  been  introduced  in 
Rotemberg  [1981  a  and  b].   In  this  section  the  equilibrium  of  an  economy  in  which 
firms  with  market  power  face  quadratic  costs  to  changing  prices  is  computed. 
This  equilibrium  has  implications  for  both  the  behavior  of  relative  prices  and  for 
the  stochastic  processes  governing  the  joint  behavior  of  the  aggregate  variables 
(the  price  level,  the  level  of  output  and  the  money  stock).   These  implications  are 
presented  in  Section  III.   I  then  proceed  to  test  these  implications.   Section  IV 
establishes  that  the  behavior  of  relative  prices,  while  consistent  with  the  model, 
is  not  consistent  with  a  Walrasian  equilibrium  with  complete  markets.   Section  V 
estimates  the  model  in  two  versions.   First,  it  is  assumed  that  all  the  prices 
in  the  U.S.  are  set  by  price  setting  firms  who  face  costs  to  changing  prices. 
Then  it  is  assumed  that  only  those  firms  whose  output  belongs  to  the  non- 
fairm  business  sector  have  these  characteristics.  The  other  prices  are 
grouped  in  an  index  which  is  taken  to  be  econometrically  exogenous.   The 
extimates  are  compared  with  the  predictions  of  the  model.   In  general,  the 
estimates  are  consistent  with  the  model.   In  particular,  prices  are  shown 
to  be  sticky  in  the  U.S. 

Then,  the  estimated  equations  are  compared  with  less  restricted 
equations  to  ascertain  whether  the  U.S.  data  rejects  the  model.  These 
more  general  specifications  do  not  reject  the  equations  describing  money 
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and  prices.   They  do,  however,  reject  the  specification  of  the  output  equa- 
tion.  This  may  be  due  to  the  neglect  of  the  effect  of  relative  prices  on 
aggregate  output.   Section  VI  presents  some  conclusions  and  suggestions  for 
further  research. 

II.    Model 

The  economy  consists  of  n  monopolists  indexed  by  i  whose  demand  func- 
tions at  time  t  are: 

Qit  =  ^t  (p^>     ^T^^         i  =  i,...,n  a) 

t       t  t 


where  Q.   is  the  quantity  of  good  i  demanded  at  time  t,  P   is  the  price 

of  good  i  at  t,  M  is  the  level  of  money  balances  at  t,  while  V  and  A 

-  t  —  t      it 

are  the  values  at  t  of  two  time  varying  taste  parameters.   The  exponents  b 

and  d.  are  constants.   P  is  the  price  level  at  t  which  is  given  by: 
1  t 


(2) 


In  equation  (1)  higher  real  money  balances  lead  to  a  larger  demand  for  all  goods. 
This  is  a  natural  consequence  of  assuming  that  individuals  derive  utility  from 
their  holdings  of  real  money  balances. 

The  cost  to  firm  i  of  producing  Q   is  assumed  to  be  given  by: 

U        J 

C(Q.^)   =  -|^  P^  Q.i        i  =  1,  •••.  n  (3) 

it       2   t   it 

where  U   is  a  time  varying  parameter.   In  particular,  U   could  depend  on 
the  real  wage  at  t,  as  in  Rotemberg  [1981  a  and  b].   The  implications  for  the 
movements  of  relative  prices,  aggregate  output  and  the  price  level  are  the 


n           h./Sh. 

P^    = 

=     n    P.    ^     ^ 

t 

i=i    ^' 
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same  whether  a  classical  labor  market  is  included  in  the  model  or  not.   There- 
fore, for  simplicity,  this  paper  will  proceed  as  if  only  goods  were  required  to 
produce  goods  in  the  U.S.   Note  that  the  cost  functions  (3)  are  such  that  the 
economy's  production  possibilities  are  bounded. 

In  the  absence  of  costs  of  changing  prices,  firm  i  would  change  a  price 
such  that  the  marginal  revenue  from  sales  is  equal  to  the  marginal  cost  of 
production.   This  price  whose  logarithm  is  p .   is  given  by: 
*  d. 

Pit  =  "it  ■"  Pt  +  i:j:b7  K  -  Pt  -  ^t>  (^> 

X 

where   s.^  =   (a.^+G^+u.  )/(l+b.) 
It       it    i    It         1 

In  the  above  expressions,  lower  case  letters  represent  the  logarithms  of  the 
respective  upper  case  letters  and  9.  is  the  logarithm  of  the  elasticity  of 
demand  over  the  elasticity  of  demand  minus  one,  and  is  therefore  constant. 
It  is  now  possible  to  approximate  the  difference  between  revenues  from  sales 

and  costs  of  production  by  a  quadratic  function  of  the  difference  between  the 

* 
logarithm  of  the  price  the  firm  actually  charges  and  p   . 

The  key  feature  of  this  model  is  that  price  changes  are  assumed  to  be 

costly.   The  presence  of  these  costs  has  been  hypothesized  by  various  authors, 

including  Barro  [1972],  Nordhaus   [1972],  Sheshinski  and  Weiss  [1977]  and  Mussa 

[1978].   These  costs  are  of  two  types.   First,  there  is  a  fixed  cost  per  price 

change  which  includes  the  physical  cost  of  changing  posted  prices.   Second,  and 

in  my  view  more  importantly,  there  is  a  cost  that  captures  the  negative  effect 

of  price  changes,  particularly  price  increases  on  the  reputation  of  firms.   As 

stated  in  Stiglitz  [1979],  under  imperfect  information  customers  will  tend  to 

cater  to  firms  with  relatively  stable  price  paths  and  avoid  those  firms  who 

change  their  prices  often  and  by  large  amounts.   The  reputation  of  firms  is 
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presumably  more  affected  by  large  price  changes,  which  are  very  noticeable, 
than  by  small  price  changes.   Therefore  the  costs  of  price  adjustments  are 
assumed  to  be  quadratic  in  the  percentage  change  of  prices. 

The  firms  are  now  assumed  to  maximize  the  expected  discounted  value  of 
the  difference  between  revenues  from  sales  and  the  sum  of  production  costs  and 
costs  of  changing  prices.   This  expected  discounted  value  can  be  approximated 
by: 

00 

E^  ^l^  p'  [n(p*^)  -  k.(p.^  -  p./)2  -  c.(p,^  -  p.^  _^)2]  ^3^ 

where  E  denotes  the  operator  that  takes  expectations  conditional  on  informa- 

tion  available  at  time  t,  and  II(p   )  is  the  difference  between  the  revenues 

* 
and  the  costs  of  production  that  would  accrue  to  the  firm  if  it  charged  P.^. 

The  constant  k.  is  the  second  term  of  the  Taylor  expansion  of  profits  around 

*  * 

p.^,  while  p  is  the  discount  factor  and  c .  is  a  parameter.   At  p.  , the  derivative 
It  1      ^  It 

of  profits  with  respect  to  prices,  is  zero  and,  therefore,  the  linear  term  is 
excluded  from  (5). 

Maximizing  expression  (5)  is  equivalent  to  minimizing: 

■T=fe  i  ^*^iT   ^ix-l"^   ■■ 

* 
Note  that  the  expectation  at  t  of  p .  ,  the  price  the  firm  would  charge  in 

the  absence  of  costs  to  changing  prices,  is  independent  of  the  firm's 

actions. 

I  now  assume  that: 

--i  =  c        for  all  i 
k. 

1 

This  assumption  imposes  one  nonlinear  restriction  across  the  five  firms 
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specific  parameters.   It  is  trivially  satisfied  when  b . ,  d,,  c..  A,  and  u. 
are  identical  across  firms.   This  assumption  is  sufficient  to  ensure  that  all 

firms  adjust  their  prices  at  the  same  speed. 

2/ 
The  minimization  of  (6)  is  a  recursive  optimal  control  problem—  which 

leads  to  the  following  path  for  the  prices  that  firm  i  expects  to  charge: 

00 

^it/t+k  "Pit/t+k-l       3pc     -Iq      P        ^it/t+j+k 

00 

-  4-      ^  y       /   i    \J     r     •"-  4-       ■"" 

"     "Pit/t+k-1  "*"  gpc   .Zq   ^  B  ^      ^^it/t+j+k  "^  Pt/t+j+k 


+  ^iK/t+j+k  -  Pt/t+j+k  "  \/t+j+k^J 


k  =  0,    l,...oo  (7) 


where:        g. 


^i 


1  +  b. 

1 


The  superscript  i  denotes  an  expectation  made  by  firm  i.   The  quantity  P  /^. . 
is  the  expectation  held  at  t  by  firm  i  of  the  logarithm  of  the  price  level 
at  t+j,  while  p  ,   .  is  the  logarithm  of  the  price  that  firm  i  expects  to 
charge  at  t+j.   The  behavioral  constants  a  and  6  obey  the  following  equations: 

a  <  1  <  6 

a  +  6  =  1/pc  +  1/p  +  1  ^^^ 

ag  =  1/p  (^^ 

Therefore, 

(1  -a)(e  -  1)  =  1/pc  (10) 

At  t,  firms  actually  change  the   leading  element  of  the  sequence  given  by 
(7),  namely  p   .  .   In  general,  (7)  can  be  interpreted  as  saying  that,  because 

price  changes  are  costly,  the  firms  will  move  their  prices  slowly  from  their 

* 
previous  price  to  the  expected  p   s. 
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The  rational  expectations  equilibrium  of  this  economy  can  now  be 
computed.   The  assumption  of  rational  expectation  requires  that  the 
firms  know  at  t  the  mathematical  expectation  of  the  future  values  of 
the  exogenous  variables  m,  v  and  s. 

At  time  t  the  firms  have  an  expectation  of  the  prices  they  will 
charge  in  the  future.   These  are  the  prices  the  firms  would  actually 
charge  in  the  future  if  they  did  not  revise  their  expectations 
of  p,  m,  v,  and  s.   These  expected  future  prices  can  be  condensed  to  form 
the  mathematical  expectation  of  the  future  price  levels.   This  mathemat- 
ical expectation  depends  on  the  path  of  price  levels  expected  by  firms. 
The  assumption  of  rationality  of  expectations  insures  that  the  mathemat- 
ical expectation  of  the  future  price  levels  is  equal  to  the  future  price 
levels  expected  by  firms. 

As  shown  in  Rotemberg  [1981  a  and  b],  this  rational  expectations 
equilibrium  can  be  described  by  the  following  equation: 

CO 

Pt/t+k    =    °'Pt/t+k-l  "^  B^  .fp  ^  6  ^^   \/t+j+k  +  Pt/t+k+j 


+  D(-t/t+k+j  -  Pt/t+k+j  -  ^/t+k+j^  ^^'^ 


where:    S  =  Zk.s.   /   Ik. 

.   1  It      .X 

D  =  Z  g.k.  /  E  k. 
,  ^i  i   .   1 

and  m  ,    is  the  mathematical  expectation  of  m^, .  conditional  on  all  informa- 
t/  t+j  t+j 

tion  available  at  t.   Therefore, 

<^^  -  "^^  +  3pc(l  -  l/gL     ^   Pt/t+k     "      3pc(l  -  1/3L)    ^\/t+k  '  ""t/t+k 
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where  L  is  the  log  operator  such  that  Lp  ,  ,  =  Pf^/^,u_i'      Hence,  making  use 
of  the  fact  that  agents  do  not  expect  their  prices  to  diverge  infinitely  from 
the  optimal  prices  in  the  far  future: 

oo 

Pt/t+k    =    ^Pt/t+k-1  -^  6?^  .fg^  7  ^'  ^"'t/t+k+:  -  ^t/t+k+j  -^  ^/t+k+j/°>     (13^ 

where: 

Y  +  6  =  D/pc  +  1/p  +  1  (1^) 

Y5  =  1/p  (15) 

and  therefore 

(6  -  1)(1  -  Y)  =  D/Pc  (16) 

Eqiiation  (13)  describes  the  path  of  the  price  levels  expected  at  t.   The  actual 
price  levels  are  given  by  the  sequence  P^/^-   That  is,  new  information  changes 
the  whole  path  of  expected  price  levels  including  the  realized  price  levels. 
It  turns  out  that  (m  -  v  +  S  /D)  is  the  price  level  that  would  prevail  at  t 
in  the  absence  of  costs  of  changing  prices.   Therefore  (13)  can  be  interpreted 

as  saying  that  prices  adjust  gradually  towards  their  expected  target. 

3/ 
I  define  an  index  of  aggregate  output  Y    : 

P.  Q. 

\     =  ^-^  (17) 

i    t 

Recalling  that  in  this  equilibrium  model,  output  is  always  equal  to 
output  demanded: 

P,     P,    "^    M   '^^ 
i     t     t  t  t 

For  the  purpose  of  estimating  output  equations,  I  will  assume  that  d.  is  constant 
across  firinq  and  equal  to  d  and  that  A,   is  time  invariant.  Further,  I  will  anproxi 
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^(  p   )    A^     by  a  constant  independent  of  time.   That  is,  I  approx- 
imate a  weighted  sum  of  all  relative  prices  by  a  constant.   This  will  be 
valid  as  long  as  relative  prices  do  not  fluctuate  too  widely.   This 

approximation  makes  the  index  of  aggregate  output  independent  of  relative 
prices.   Then 

y^  =  f  +  d  (m^  -  p^  -  v^)  (18) 


where: 


P.,  1-b. 
f  =  log  Z  A,  (  -i^  )    ^ 


i  ^   ^ 


Note  that  abrupt  changes  in  the  quantity  of  money  will  lead  to  only 
gradual  changes  in  the  price  level  and,  therefore,  to  changes  in  output 
by  (18). 

III.   Testable  Implications 

I  will  present  three  testable  implications  of  the  model.   In  the 
first  place,  the  model  implies  restrictions  on  the  path  of  the  changes 


in  relative  prices.  The  paths  that  satisfy  these  restrictions  are  in  sharp 
contrast  to  those  that  would  unfold  in  a  competitive  economy  in  which  price 
changes  were  costless.  Second,  the  model  is  consistent  only  with  certain  paths 
for  the  price  level  and  output  when  money  is  assumed  to  follow  a  univariate 
autoregressive  process.  Third,  it  permits  only  certain  paths  for  the  price 
level  and  output  when  the  prices  of  food  and  energy  are  assumed  to  be 
econometrically  exogenous . 
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a)   Correlation  of  changes  in  relative  prices 

In  this  model,  relative  prices  can  change  for  two  reasons. 
First,  they  will  change  when  any  factor  underlying  long-run  relative 
prices  changes.   That  is,  when  the  intensity  of  demand  A.  for  a  particular 
good  falls  relative  to  the  intensity  of  demand  for  other  goods,  or  when 
that  good  becomes  relatively  cheaper  to  produce  (i.e.,  U.  falls),  then 
the  relative  price  of  the  good  will  fall.   Second,  relative  prices 
will  change  in  response  to   aggregate  nominal  disturbances  as  long 
as  g,   is  different  across  firms.    Changes  in  money,  for  instance, 
change  real  money  balances  as  the  price  level  adjusts  slowly.   The  effect 
of  this  increase  in  the  demand  for  good  i  depends  on  g.   and,   hence, 
the  responsiveness  of  individual  prices  to  changes  in  money  balances  hinges 
on  the  size  of  g.- 

Furthermore,  these  changes  in  relative  prices  will,  in  general, 
be  correlated  over  time.   This  correlation  will  be  illustrated  by  two 
examples.   In  the  first  example,  only  the  long  run  determinants  of 
relative  prioas  will. move  over  time,  while  in  the  second  example, 
only  money  balances  will  be  time  varying. 

Example  1.   The  effect  of  a  real  disturbance 

Let  there  be  two  firms,  a  constant  money  supply  and  constant  v. 
Let: 

^It  =  ^lt-1  ^  ^  ^^'^ 


where  the  e  's  are  independently  identically  distributed  normal  variates 

2 
with  mean  zero  and  variance  0  .   That  is,  either  the  demand  intensity  foi 

e 

good  i  or  the  costs  of  good  i  follow  a  random  walk.   Further,  to  make  S 
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constant,  it  is  assumed  that: 

(h^  +   h2)S     h 


s 


2t  "     h,         h^  ^it  (20) 


A  positive  e,  therefore,  leads  to  an  increase  in  p-.  »  and  a  decrease  in  p„ . 
Finally,  I  assume  that  the  price  level  has  already  reached  its  steady 
state  level  so  that: 

Pj.  =  m  -  V  +  S/D  (21) 

Then,  by  using  (6) 

Pit  =  ^'Plt-l  +   ^^-^'^(^It-l  ^  ^t)  -^  (^-^)(-  -  ^  -^  l\  !  >       (22) 
and 

P2t  =  "^2^1  ^  (^-«)  (^2t-l  -iq't^^   (1-°^)  ("^  -  ^  -^  1^  f  ^  (2^) 

Note  that  in  the  long  run,  the  difference  in  relative  prices  is  exactly 

s,   -  s^  . 
It    2t 

By  applying  (6)  to  both  the  period  t-1  and  the  expectation  held 
at  t  of  the  prices  at  t+1,  one  obtains  the  changes  in  relative  prices 
as: 

(Pit  -  P2t^  -  (Plt-1  -  P2t-1^  =  cx(l-a)[s^^  -  S2^  -  (p^^_^  -  p^^,^)] 

^1 
+  (l-a)e  fl  +r^  )  (24) 

'     ^2 
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^^Plt+1  -  P2t+1^  -  ^Plt  -  P2t^  =  cc2(l-a)[s^^  -  S2^  -  (p^^_^  -  p2^_^)] 
+  a(l-a)s^  (1  +  ^)  =  a[(p^^  -  p^^)  -  (p^^_^  -  p^^_^)]   (25) 


So,  the  expected  change  in  relative  prices  between  t  and  t+1  is 
equal  to  a  times  the  previous  relative  price  change.   As  c   increases,  p 
ought  to  increase  and  P2  ought  to  decrease.   Neither  firm  carries  out 
the  long   run  change  instantly.   Instead,  they  change  their  prices 
slowly  to  spread  the  costs  of  changing  prices.   This  leads  to  changes  in 
relative  prices  that  are  correlated  over  time. 

Example  2.   The  effects  of  a  nominal  disturbance. 

Let  there  be  n  firms.  Let  s.  and  v  be  constant  over  time  while 

4/ 
m  follows  a  random  walk:  — 

m^  =  ni^_3^  +  n^  (26) 

2 
where  the  n. 's  are  normal  variates  with  mean  zero  and  variance  a 
t  m 

Then  (11)  gives  the  price  level  at  t-1,  t  and  the  price  level  expected 
at  t  for  t+j  as: 

Pt-1  =  YPt-2  "^  (l-yX^t-l  -  ^  +  f  >  (27) 

Pt  =  ^^Pt-2  ■*■  (1-T^)('"t-1  "  ^  "*■  D  ^  +  (I-Y)P^  (28) 

Pt/t+j  =  '^'^^   Pt-2  +  <1-Y'^')(m,_,  -  V  +  f  )  +  (iV^')ri^  (29) 
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Then,  using  (6)  it  is  possible  to  obtain  the  values  for  the  individual 
prices  at  t-1  and  t,  as  well  as  the  individual  prices  expected  at  t  for 


t+1. 


P 


S  ^ 


it- 


,   =  CP.,  o  +  (l-a)[s.  +  tn  .  -  V  +  (1  -  g.  )  z:  ] 
-1       xt-2  1    p-1  1   u 


*   ^^i  +l)^cWK-l--^f-Pt-2)         (30> 


P.,  =  ct^.,  o  +  a-a^)[s.  +  m    -  V  +  (1  -  g^   )  I  ]  +  (l-a)n. 

It  It— Z  1     t— 1  u  z 


*   ^  ^i  -  1)  ^SW  t(^+^>K-l  -  ^  -^  f  -  Pt-2)  ^  \^     (31> 


Pit/ 1+1  =  "^Pit-2  •"  (l-^^)t(^  +  Vl  -  -  +  (1  -  %  )  f  1 


+  (l-a^)n^  +   (  g'i  -  1  )  pc(g_^)  [(Y^  +  a^  +  aY)(m^_^  -  v 


+  f  -  Pt_2)  +  (Y  +  a)  ri^]  (32) 


It  is  now  possible  to  analyze  the  path  of  the  relative  price  of  goods  i 
and  j.   At  t-1,  this  relative  price  is  given  by: 

Pit-1  -  Pjt-1   =    "^Pit-2  -  Pjt-2^  =   a-^)[s^  -  ^j  +  f  ( §j  -  %  >i 


^      ^   Si  -   ^3    )(  ^^W  ^^^-1  -  ^  4  -   Pt-2>  (33) 


■1ft- 


At  t,  the  expression  for  the  relative  price  of  good  i  and  j  is: 


P 


it 


Pjt     =     «^(Pit-2  -  Pjt-2>   +   (l-«^)[Si  -   ^j   +  f  (  gj   -   Si   >1 


+      (   g,.      -     &.      )( 


pC 


(B=^  )  [  (a+Y)  (m^_i  -  V  +  -  -  p^_2)  +  n,)      (34) 


The  expectation  held  at  t  of  the  relative  price  at  t+1  can  be  computed 
from  (32)  as: 

Pit/t+1  -  Pjt/t+1  =  °'^(Pit-2  -  Pjt-2^  •"  (l-«^)[Si  -  s. 

+  f(gj   -   g^)]   +   (g,  -   8.    X^^W^f^^'^^'^^^'^ 


^Vl  "  ""  "^  D  "  Pt-2^  +  (Y  +  a)  n^]  (35) 


Just  as  in  Example  1,  the  long  run  relative  price  is  given  by: 


"i  -  "j  -^  f  (  Sj   -   %  ^ 


Once  again,  any  discrepancy  between  the  previous  relative  price  and  the 
long  run  relative  price  is  reduced  at  the  rate  a.   However,  even  when 
the  relative  price  at  t-2  is  equal  to  the  long  run  relative  price, 
relative  prices  will  move  over  time  as  a  response  to  the  difference 
between  the  price  level  at  t-2  and  the  long  run  equilibrium  price  level. 
This  movement  is  due  to  the  differences  in   the  values  of  g.   across 
firms.  Those  firms  whose  g.   is  relatively  large  will  produce 
products  whose  demand  elasticity  with  respect  to  real  money  balances 
is  relatively  large.   Therefore,  they  will  charge  higher  prices  as  real 
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money  balances  move  upwards  from  their  long  run  value.   This  can  be  seen 
by  analyzing  (32).   By  (27),  the  difference  between  p    and  the  long 

run  equilibrium  price  as  perceived  at  t-1  is  proportional  to  (™^_-i  -  v  + 
|-p_).    Therefore,   (32)   says  that  if  g^  is  larger  than 
8j  ,~   then  fii^  I's  price  at  t-1  will  be  larger  relative  to 
firm   j's  the  lower  the  price  level  at  t-1  is  relative  to  the  long  run 
equilibrixm  price  level. 

Furthermore,  the  change  in  the  relative  price  from  t-1  to  t  depends 
both  on  the  difference  between  the  price  level  at  t-1  and  the  long  run 
equilibrium  price  level  as  perceived  at  t-1  and  on  the  monetary  innovation 
at  t,  n  •   Equation  (35)  demonstrates  that  both  these  factors  also  affect 
the  expected  change  in  relative  prices  from  t  to  t+1.   Therefore,  the 
changes  in  relative  prices  are  correlated  as  claimed.— 

This  implication  of  the  model  is  important  because  there  are  some 
powerful  arguments  that  suggest  that  in  a  competitive  economy  with  full 
markets  and  costless  price  adjustment,  the  changes  in  relative  prices  ought 
to  be  independent.   Therefore,  it  makes  an  empirical  distinction  between 
the  usual  competitive  model  and  the  model  of  this  thesis  fairly  straight- 
forward. 

b)   The  path  of  output  and  the  price  level  when  money  is  exogenous 

The  model  of  this  thesis  can  be  estimated  and  tested  as  long 

as  assumptions  are  made  about  the  paths  of  m  and  v.   In  this  section,  I 

will  assume  that  the  s,  are  fixed,  while  m  and  v  follow  univariate  auto- 

1 

regressive  processes  of  low  order.   The  firms  will  be  assimied  to  know 
these  processes  and  base  their  p-ricing  decisions  on  them. 
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The  money  stock  will  be  assumed  to  follow  the  following  process: 


^(L)m^     =  ^t  (36) 


where 


H'(L)   =  1  -  ij;^L  -  \l)^t^    ii^L^ 

The  roots  of  ^(z)   =   0  are  assumed  to  be  greater  than  p  in  absolute 

value.   The  ?  are  independent  normal  variates  with  mean  zero  and 

2 
varaince  O     .      In  other  words,  it  is  assumed  that  money  is  exogenous 
m 

and  that  no  other  economic  variables  "cause"  m  in  the  Granger  sense. 
It  turns  out  that  money  seems  to  be  exogenous  in  this  sense  in  the 
United  States  as  demonstrated  by  Sims  [1972],  Feige  and  Pearce  [1974],  and 
also  by  myself  in  Section  V  of  this  paper.  The  taste  for  money  balances 
will  be  assumed  to  follow  a  first  order  stochastic  difference  eqwation: 

\  =  ^Vi  +  \  (^^^ 

where  X   is  smaller  than  1/p,  while  the  v  's  are  independent  normal 

2 
variates  with  mean  zero  and  variance  a 

V 

Sargent  [l976  ]  has  noted  that  when  money  follows  a  process  like 
(36) ,  it  is  impossible  to  distinguish  models  in  which  output  depends 
on  the  levels  of  ra  and  models  in  which  output  depends  on  the  history 
of  the  unpredictable  components  of  m.   The  model  of  price  stickiness 
in  this  thesis  can,  however,  be  distinguished  both  from  models  that 
say  only  that  money  affects  output  and  from  those  that  say  only  that 
monetary  innovations  affect  output.  This  is  so  because  here  money 
affects  output  by  first  affecting  real  money  balances.   However,  the 
price  level  depends  on  the  expected  future  level  of  money  balances  and 
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hence  on  the  parameters  \p..      Therefore,  not  all  patterns  in  which  money 
affects  output  are  acceptable  from  the  point  of  view  of  this  model. 
Moreover,  the  restrictions  implied  by  the  model  on  the  effects  of  money 
on  the  price  level  and  therefore  on  output  can  be  tested. 

First,  however,  the  price  equation  that  depends  on  the  expected 
levels  of  future  money  balances  must  be  transformed  so  as  to  depend  only 
on  observables.  After  all,  the  firms  make  their  predictions  of  future 
money  balances  using  information  on  current  and  past  levels  of  money 
balances  by  applying  (36)  . 

The  problem  is  to  make: 

00       1    "' 

.f/  6  >  "'t/t+j 

depend  only  on  current  and  past  levels  of  money  balances.   This  problem 
has  been  solved  in  a  pathbreaking  paper  by  Hansen  and  Sargent  [1980] . 
They  proved  that: 

00  -i  —\ 

Z   (  I  )  m^^^_^.      =   {[1  -  I   ^(|)~^^(L)]  /  [1  -  (6L)"^]}  m^ 

_   v,;.  1  r^  fl  +  ^  "(   ^   (  T  )    'i'jL^lni^   (38) 
•^  6  ^        j=l   i=j+l  ^  ^  ^ 

Similarly,  it  is  easy  to  show  that: 

00       j  CO       ■; 

.  Q   6     t/t+j     .^0   "^     ^  -•-  "  '°  ^ 

which  converges  as  long  as  —  <1,  X<6=  — r  .   Hence  it  converges  if 

0  po 

A  <  —  .   Therefore,  the  price  level  at  t  is  given  by: 
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Pt  =     YP,_i  +  ^^-^l^^-y^    H'  (  I  )   [1  +  Z     I        (  T  r%.)  L^  ]  m. 


t 


^  a-Y)s  f  t  i^^ilCizlI  3  (,o) 

6  -  X      "^ 


where  (16)  was  used  to  eliminate  (D/pc) . 

Equation  (40)  can  be  estimated  along  with  (36),  the  AR  process  for 
m.   Clearly,  these  two  equations  are  not  independent  since  the  i)  /  s   appear 
in  both.   Equation  (40)  is  clearly  a  "structural"  equation  both  in  that  it 
involves  endogenous  variables  on  the  RhS  and  that  it  has  a  direct  behavioral 
interpretation.   However,  in  contrast  to  the  usual  "structural"  equations 
of  macro econometrics,  it  does  not  correspond  to  one  sector's  behavior  in 
one  market.   Instead,  it  is  a  property  of  an  equilibrium  which  takes  into 
account  the  behavior  of  n  firms  and  many  more  consumers.   In  particular, 
it  embodies  assumptions  about  the  demand  functions  of  individuals,  the  cost 
functions  of  firms  and  the  behavior  of  firms. 

The  coefficients  Y  and  6  are  clearly  identified.   Unfortunately, 
one  cannot  reconstruct  D,  c  and  p  from  knowledge  of  these  coefficients. 
Instead,  only  D/c  and  p  can  be  recovered  by  use  of  (14)  and  (15).   The  be- 
havior of  the  aggregate  variables  is  unaffected  by  a  doublj.ng  of  c  and  D. 
As  far  as  the  price  level  is  concerned,  it  is  not  the  variable  c  which 
captures  the  relative  pressures  on  charging  the  "right"  price  and  on  not 
changing  prices.   Instead,  it  is  the  variable  D/c  that  represents  these 
relative  pressures.   A  large  value  for  D/c  means  that  there  is  both  a  large 
effect  on  demand  when  the  price  level  is  slightly  wrong,  and  that  it  is 
relatively  inexpensive  to  change  prices.   Therefore,  a  large  D/c  leads  to 
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relative  fast  adjustment,  i.e.,  low  values  for  y   and  high  values  for  6. 

Note  that  the  coefficients  Y  a^^d  5  are  independent  of  the  monetary 
rule  '''(L).   Therefore  the  estimates  of  Y  and  6  are  immune  to  the  Lucas 
[1976]  criticism  and  can  be  used  to  simulate  the  private  sector's  response 
to  various  monetary  rules.   The  variable  v^^  clearly  constitutes  an  error 
term  of  (39)  from  the  view  of  an  econometrician  since  it  is  not  observable. 
This,  of  course,  does  not  make  it  difficult  to  estimate  the  parameter  X 
since  (39)  can  be  transformed  by  the  usual  Koyck  transformation.   If  v 
is  the  only  variable  which  makes  it  impossible  to  estimate  deterministic 
price  and  output  equations,  then  the  error  in  the  price  equation  ought  to 
be  proportional  to  the  error  in  the  output  equation  (18).   At  least  the 
errors  of  both  the  output  equation  and  the  price  equation  ought  to  follow 
the  same  first  order  autoregressive  process  (37) . 

The  model  of  (18),  (38)  and  (40)  strongly  restrict  the  coefficients 
of  the  output,  money  forecasting  and  pricing  equations.   To  test  whether 
these  restrictions  are  rejected  by  the  data,  one  can  compare  the  fit  of  the 
model  estimated  with  the  restrictions  to  the  fit  of  less  constrained  models. 

As  shown,  for  instance,  in  Wilson  [1973]  the  hypothesis  that  r 
restrictions  are  true  is  acceptable  for  low  values  of  the  statistic, 

1[l     -   £  ]  where  T  is  the  number  of  observations,  £  is  the  logarithm  of 
r    u  u         ° 

the  determinant  of  the  empirical  covariance  matrix  of  the  errors  when  the 

estimation  is  carried  out  without  the  restrictions  and  £  is  the  corre- 

r 

sponding  quantity  when  the  estimation  is  carried  out  imposing  the  re- 
striction.  In  particular,  under  the  null  hypothesis  that  the  restrictions 

2 
are  true,  the  quantity  T[£  -  £  ]  is  distributed  X  (r)  where  r  is  the 

number  of  restrictions. 
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In  Section  V,  the  model  of  equations  (18),  (38)  and  (40)  will  not 
only  be  estimated,  but  it  will  also  be  tested  against  a  variety  of  alterna- 
tives using  this  technique. 

c)   The  path  of  the  price  level  when  certain  prices  are  exogenous 

In  the  above  analysis,  all  the  prices  in  the  economy  were  assumed 
to  be  set  by  firms  with  market  power  who  perceived  price  changes  to  be 
costly.   However,  in  the  U.S.,  it  is  clear  that  not  all  prices  are  set  by 
firms  to  whom  these  properties  can  be  attributed.   Instead,  the  above 
model  seems  best  suited  to  explain  the  prices  charged  by  the  nonfarm 
business  sector. 

The  dollar  prices  of  agricultural  goods  are  probably  the  prices  that 
clear  a  competitive  world  market.   Even  those  agricultural  goods  whose  out- 
lets are  relatively  small  (like  blueberries)  are  produced  by  competitive 
firms  to  whom  it  is  hard  to  attribute  a  pricing  rule  like  (6).   The  prices 
of  government  services  are  set  with  consideration  other  than  profit  maxi- 
mization.  Meanwhile  the  prices  of  the  internationally  traded  goods  are 
also  mostly  set  in  world  markets.   In  this  section  it  will  be  assumed  that 
the  prices  of  the  goods  that  enter  the  U.S.  GNP,  but  are  not  produced  by 
the  business  non-farm  sector,  can  be  grouped  in  an  index  whose  logarithm 
is  p  .   This  index  will  be  assumed  to  be  econometrically  exogenous  in  the 
sense  of  Sims  [1975].   That  is,  it  will  be  assumed  that  this  index  can  best 
be  explained  by  a  univariate  time  series  process.   In  particular,  this 
index  will  not  be  allowed  to  respond  to  the  history  of  monetary  innovations 
or  even  to  the  prices  of  the  business  nonfarm  sector.   This  assumption  of 
econometric  exogeneity  is  tested  below  and  is  not  rejected  by  U.S.  data. 
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The  demand  for  the  composite  good  whose  price  is  exp  {p  }  is 
assumed  to  be  given  by  (1) .   The  price  level  is  therefore  given  by: 


h 
o 

Pt  "n 

Pot 

Eh^ 
i=0 

^       i=0  ^ 

n 

n 

Pt  =   ^^  S 
i=l  ^ 

Pit^ 

)/a  h.) 
i=i "- 

^^  (41) 


where 

_     n        n 

(42) 


That  is,  p  is  an  index  of  the  average  price  charged  by  the  private  non- 
farm  business  sector.   The  log  of  the  price  level  is  a  convex  combination 

of  p  and  p  .   Letting 

n 
w  =  h  /Z  h. 
°i=0  ^ 

the  path  of  p  can  be  described  by: 

1  -  aL  -   q'*'  7t°^"'"wo?x1p^  =  -^    1 ^-ToT  (I^     +  w(l  -  D)p   ^  -  S  -   Dv  )    . 

Bpc(l  -   I/Sl)/    t        3pc     1  -   1/BL       t  '^ot  t 

00 

Pt  =  ^Pt-1  -^  ^  fio  ¥  (-t/t+j  -  \/t+j  -  s/°)  -^ 

CO 

where  y  <  1  <  "5     and 

5  +  Y  =  1  +  i  + -D  +  ^flO^JDl 
p        pc  pc 

'        P 


Therefore 


(5  _  i)(i-  y)   =D-  +  M1_JL^)  (44) 

'  pc  pc 
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Therefore,  the  private  nonfarm  business  price  index  does  not  just 
depend  on  the  future  money  stocks,  but  also  on  the  future  exogenous  com- 
ponent of  the  price  level.   This  is  so  because  the  set  of  exogenous  prices 
is  a  determinant  of  the  long  run  equilibrium  private  business  price  index 
for  two  reasons.   First,  the  composite   good  whose  price  is  exogenous  is 
an  input  into  production  and  an  increase  in  its  price  will,  in  the  long 
run,  be  partially  passed  on  to  the  consumers.   Second,  a  change  in  the 
exogenous  price  affects  the  level  of  real  money  balances  and,  hence, 
aggregate  demand.   Therefore,  it  requires  a  change  in  p  in  the  long  run. 

Note  that  the  parameters  y  ^^^^  ^   ai^e  somewhat  different  from  the  pa- 
rameters in  the  case  in  which  all  the  prices  are  set  by  firms  that  use  rules 
of  like  (6).  In  the  normal  case  in  which  D  is  smaller  than  one,  the  adjust- 
ment of  p  is  faster  the  larger  is  the  component  of  the  price  level  which  is 
exogenous.   This  has  a  simple  interpretation.  When  a  large  fraction  of  the 
prices  are  exogenous,  changes  in  money  balances  or  in  the  exogenous  prices 
exert  large  pressures  on  the  endogenous  prices  leading  them  to  adjust  faster. 

Let  the  exogenous  prices  be  described  by 

A(L)p^^  =  ?^  (45) 

A(L)  =  1-  A^L  -  A2L^ A^L^ 

where  the  roots  of  A(z)  =  0  are  larger  than  p  in  absolute  value   and  the 

2 
^'s  are  independent  normal  variates  with  zero  mean  and  variance  a  .   Then, 

using  the  result  of  Hansen  and  Sargent  (1980)  that  was  referred  to  above 

and  letting 

D 


Z  =  X 

ope 


one  obtains 
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P^  =  YP 


T  -1  r     k-1  /  k    1  .  .   \  1 


■   Z5 

■^  6"^nr  \  (46) 

Equation  (46)  makes  the  private  nonfarm  business  price  index  a  function 

of  observables  only.   In  particular,  lagged  values  of  m  and  p  help 

explain  p  only  because  they  help  explain  the  future  values  of  m  and  p  . 

o 

Equation  (46)  imposes  strong  restrictions  across  the  coefficients 
of  the  AR  processes  for  m  and  p  and  the  coefficients  of  (46) .   Three  be- 
havioral coefficients  can  be  identified.   These  are  z,  6  and  y.      Note  that 
the  coefficient,  u  ,  the  weight  of  the  exogenous  prices  in  the  price  level, 
is  not  identified.   Even  though  co  appears  in  (43),  it  does  not  appear  in 
the  estimating  equation  (45)  because  the  constraint  (44)  has  to  be  imposed 

on  the  estimated  parameters.   Four  coefficients  enter  the  private  sector's 
maximization  problem.   These  are  o),  D,  p,  and  c.   Unfortunately  we  can 

only  recover  three  nonlinear  functions  of  these  coefficients.   Therefore 

the  results  of  this  estimation  procedure  do  not  allow  one  to  simulate 

the  response  of  the  economy  to  a  change  in  to  without  some  additional 

information. 

IV.   Do  Relative  Prices  Follow  a  Random  Walk? 

A  very  important  model  of  asset  prices  predicts  that  asset  prices 
ought  to  follow  a  martingale.   Lucas  (1978)  and  Le  Roy  (1973)  have  shown 
that  when  consumers  are  risk  neutral  and  do  not  discount  the  future,  then 
the  price  of  assets  relative  to  consumption  goods  should  have 
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the  martingale  property.  Sims  [1980b]  showed  that  this  property  can  be 
extended  to  any  competitive  equilibrium  with  assets  provided  that  a)   mar- 
kets are  complete  and  b)   the  time  interval  analyzed  is  short.   That  is, 
over  small  time  intervals  the  changes  in  relative  prices  ought  to  be  un- 
correlated  with  variables  in  the  current  information  net.   Of  course, 
markets  are  not  complete  in  the  U.S. 

However,  I  think  that  the  Arrow-Debreu  model  ought  to  be  the  bench- 
mark economic  model.   Therefore,  before  models  in  which  prices  are  sticky 
can  be  taken  seriously,  they  have  to  show  their  superiority  over  a  model 
in  which  prices  behave  as  if  markets  were  complete  and  price  changes  cost- 
less.  This  is  the  purpose  of  testing  whether  relative  prices  follow  a 
martingale. 

For  relative  prices  to  follow  a  martingale,  it  would  still  be  neces- 
sary that  goods  be  held  as  assets.   Therefore  the  analysis  in  this  section 
abstracts  from  such  things  as  storage  costs,  transportation  costs,  etc. 
These  are,  of  course,  important  considerations.   However,  I  think  that  at 
any  point  in  time  there  is  always  some  firm  which  has  a  warehouse  operating 
under  excess  capacity.   For  this  particular  firm,  the  shadow  price  of  its 
warehousing  services  ought  to  be  zero  and  it  should  be  willing  to  speculate 
in  goods. 

If  the  real  rate  of  interest  on  financial  assets  were  always  greater 
than  zero,  speculation  in  goods  might  be  absurd.   That  is,  if  financial 
assets  represented  claims  on  a  growing  amount  of  goods ,  then  financial 
assets  ought  to  be  preferable  to  storing  a  fixed  bundle  of  goods.   Then 
no  speculator  would  be  interested  in  the  behavior  of  relative  prices  as 
long  as  these  were  not  expected  to  fluctuate  by  more  than  the  market  real 
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rate  of  interest.   On  the  other  hand  the  real  rate  of  interest  has  not 
been  consistently  positive  in  the  postwar  U.S.   In  fact,  the  return  in 
terms  of  consumer  goods  of  a  one  month  investment  in  three  month  treasury- 
bills  has  been  zero  on  average.   The  same  has  been  true  of  the  return  in 
terms  of  consumer  goods  of  an  investment  for  a  month  in  a  basket  of  goods 
like  the  one  used  in  the  computation  of  the  producer  price  index. 

Therefore,  agents  ought  to  speculate  in  goods  as  much  as  they  specu- 
late in  treasury  bills  if  their  objective  is  to  expand  the  bundle  of 
consumption  goods  they  will  be  able  to  afford  in  the  future.   And,  by 
Sims'  [198(S)]  argument,  relative  prices  of  costlessly  storable  durable  goods 
ought  to  follow  a  random  walk. 

There  is  a  related  argument  that  also  leads  relative  prices  to  follow 
a  random  walk.   Fama  [1976]  has  presented  evidence  that  the  expected  real 
return  on  treasury  bills  is  not  significantly  different  from  zero.   There- 
fore, by  simple  arbitrage  the  expected  real  return  on  goods  ought  to  be 
always  zero.   This  is  just  another  way  of  saying  that  relative  prices 
ought  to  follow  a  random  walk.   Whenever  information  arrives  that  alters 
private  agents'  perceptions  of  the  future  demands  and  supplies  for  any 
given  good  then  its  relative  price  ought  to  change  with  the  expectation 
that  this  new  piece  of  information  will  not  affect  future  changes  in 
relative  prices. 

Instead,  the  model  of  sticky  prices  presented  in  Sections  II  and  III 
allows  neither  consumers  nor  intermediaries  to  speculate  in  goods.   In  the 
U.S.  it  turns  out  to  be  quite  difficult  to  engage  in  this  type  of  specula- 
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cion.   I  think  that  this  difficulty  does  not  result  only  from  the  presence 
of  storage  costs.   Instead,  I  think  that  many  of  the  goods  that  make  up 
the  producer  price  index  can  only  be  bought  by  regular  customers.   That  is, 
in  these  markets,  small  numbers  of  sellers  are  able  to  eliminate  specula- 
tion in  their  goods  by  selling  only  to  their  usual  customers.   In  particu- 
lar, many  of  these  companies  operate  through  exclusive  dealerships. 

Of  course  it  is  next  to  impossible  to  speculate  by  holding  consumer 
goods,  since  these  are  the  goods  sold  by  retailers.   They  can  essentially 
never  be  resold  for  a  higher  price  than  the  purchase  price  since  the 
latter  includes  the  services  performed  by  the  retailer  which  cannot  be 
resold. 

The  model  of  sections  II  and  III  is  not  the  only  model  that  makes 
changes  in  relative  prices  be  correlated.   In  particular,  Hercowitz  (1980) 
has  modified  the  Lucas  islands  model  to  produce  serially  correlated 
changes  in  relative  prices.   Remember  that  in  the  Lucas  model  the  inhabi- 
tants of  any  given  island  cannot  trade  with  or  acquire  information  about 
other  islands.   Since  different  goods  are  produced  in  different  islands, 
no  speculation  in  goods  is  allowed. 

Since  relative  prices  do  not  follow  a  trend,  as  will  be  shown  later, 
this  section  will  concentrate  on  whether  relative  prices  follow  a  random 
walk,  that  is  on  whether:   E^_^  r^  =  t^_^    ,   where  r  is  a  relative  price 
at  t. 

The  relative  prices  that  will  be  studied  are  ratios  of  the  prices  of 
consumer  good  bundles  over  the  prices  of  bundles  of  wholesale  goods.  I  will 
consider  two  consumer  price  indices.  One  is  the  consumer  price  index  for  all 
items,  while  the  other  is  the  consumer  price  index  for  all  items  except  food. 


-29- 


The  reason  for  considering  the  exclusion  of  food  is  that  the  food  sector 
is  fairly  competitive.   Therefore  the  model  of  Sections  II  and  III  may  not 
explain  the  behavior  of  prices  in  the  food  sector  very  well.—   In  partic- 
ular, the  relation  between  the  wholesale  and  the  retail  prices  of  food  may 
well  follow  a  random  walk. 

Three  producer  price  indices  will  be  considered.   The  producer  price 
index  that  includes  all  items  will  be  compared  against  the  cpi  that  includes 
all  items.   Instead,  the  cpi  that  does  not  include  food  will  be  contrasted 
successively  with  the  ppi  of  prices  of  intermediate  goods  that  do  not  in- 
clude food,  with  the  ppi  of  prices  of  crude  goods  that  do  not  include  food 
and  with  the  ppi  of  prices  of  final  goods  that  do  not  include  food.   These 
data  are  all  produced  by  the  Bureau  of  Labor  Statistics. 

Notation 


ca^  log  of  the  cpi  all  it 


ems 


not  seasonably  adusted  at  t 


cnf     "     "        "        "        " 


wa. 


wc. 


wi. 


except   food 


II      1?        If 


ppi 


II     II        II        II 


"     II        II        II 


crude  goods  except  food  " 
intermediate  "    "     "   " 


wf^  "  "   "   "   final 


I  now  define  the  following  relative  prices  of  bundles  at  t; 


ra  =  ca  -  wa 


rcnf ^  =  cnf  -  wc 
t      t     t 

rinf^  =  cnf  -  wi 
t      t     t 

rfnf^  E  cnf  -  wf 
t      t     t 


(47) 
(48) 
(49) 
(50) 
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It  is  assumed  that  the  shocks  that  affect  prices  are  lognormal.   Therefore 
the  random  walk  hypothesis  would  require  the  variables  ra  ,  rcnf  rinf^ 

and  rfnf  to  be  equal  to  their  previous  value  plus  a  normal  iid  variate 
with  the  zero  mean  and  finite  variance. 

The  first  test  of  the  hypothesis  that  the  series  p;iven  by  (A7) 
through  (50)  follow  a  random  walk  is  a  Box-Pierce  test  on  the  differences 
between  the  current  values  of  ra,  rcnf,  rinf  and  rfnf  and  the  previous 
values  of  these  series. 

This  test  ascertains  whether  under  the  null  hypothesis  that 

these  series  do  indeed  follow  a  random  walk,  the  innovations  in  the 

series  are  serially  uncorrelated.   Evidence  that  the  innovations  are 

correlated  is  evidence  that  the  random  walk  is  a  poor  model  for  the 

series. 

The  test  on  the  series  ra  ,  for  instance,  requires  the  computation  of 

the  quantity  T   such  that: 

-  /  N    (ra  -  ra   )(ra    -  ra   _  ) 


ra   "         'i=l  I  t=k+l  N  ^ 

I   (ra  -  ra  ^^) 
t=k+l 

2 
This  quantity  ought  to  be  distributed  x  with  k  degrees  of  freedom  as  is 

2 
shown,  for  instance  in  Box  and  Pierce  (1968).   The  critical  value  of  x 

statistic  with  16  degrees  of  freedom  at  the  99.9%  confidence  interval  is 
39.3.   Instead  the  values  of  the  above  statistics  for  the  series  ra,  rcnf, 
rinf  and  rfnf  are  much  higher,  as  can  be  seen  from  table  1.  The  statistics 
are  based  on  391  monthly  observations  from  1948:6  to  1980:1.   Therefore, 
the  hypothesis  that  ra,  rcnf,  rinf  and  rfnf  follow  a  random  walk  is  re- 
jected by  these  U.S.  data.   Note  that  the  hypothesis  is  closest  to  being 
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Table  1 

Statistic 

Value 

T 
ra 

60.45 

^rcnf 

120.49 

T 
rinf 

388.69 

T 
^rfnf 

150.66 

accepted  when  food  is  included  in  both  the  cpi  and  the  ppi  as  was  expected. 
The  rejection  of  this  h}T)o thesis  by  the  Box-Pierce  statistic  implies  that 
changes  in  relative  prices  are  correlated,  as  predicted  by  the  model  pre- 
sented in  this  thesis.— 

We  are  not  just  interested  in  knowing  that  the  hypothesis  that 
relative  prices  follow  random  walks  can  be  rejected,  but  also  in  finding 
out  how  to  predict  changes  in  relative  prices.   To  do  this,  the  following 
equation  was  fitted  using  the  variables  defined  in  (47)  through  (50)  as 
the  dependent  variable  r  ,  the  relative  price  at  t. 

r^  =  c  +  a^^t  +  a2r^_^+  a3(r^_^  -  r^,^)   +  a^(r^_2  -  r^_3)      (47) 

The  results  of  these  regressions  are  reported  in  Tables  2,  3,  4 
and  5.   For  the  null  h3rpothesis  that  r  follows  a  random  walk  to  be 
accepted,  c,  a^ ,  a_  and  a,  must  be  insignificantly  different  from  zero, 
while  a-  must  be  insignificantly  different  from  one.   In  other  words, 
the  autoregressive  representation  of  these  series  must  not  only  have  a 
unit  root  (a2  =  1),  but  it  must  also  not  have  any  other  roots.   Further- 
more, there  must  be  no  consistent  return  to  holding  one  bundle  of  goods, 
and  this  is  assured  by  c  and  a^  being  equal  to  zero . 
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TABLE  2 
Dependent  Variable  ra. 


sxons  \ 

ra 
t-1 

"Vl' 
-"t-2 

-^V3 

t 

c 

DW 

r2 

I 

.995 
(.004) 
[-1.489] 

1.78 

.990 

II 

.992 
(.005) 
[-1.521] 

-2.8E-4 
(4 . 2E-4 

1.78 

.990 

III 

.995 
(.007) 
[-  .722] 

-2.6E-6 
(3.3E-6) 

4.2E-4 
(9.8E-4) 

1.79 

.990 

IV 

.993 

.097 

.088* 

-l.lE-6 

-4.9E-5 

2.01 

.990 

(.007) 

(.051) 

(.051) 

(3.4E-6) 

(9.9E-4) 

[-1.099] 

V 

.991 
(.005) 
[-1.663] 

.099* 
(.051) 

.090* 
(.051) 

2.01 

.990 
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TABLE  3 
Dependent  Variable  rcnf 


Explanatory 
Variables 

^^"^-1 

rcnf^_^ 
-rcnf^_2 

-  r^"f t_3 

t 

c 

DW 

r2 

Regressions 

1.006° 

1.29 

.990 

I 

(.003) 
[1.717] 

II 

1.005° 

(.005) 

[1.021] 

1.7E-4 
(.001) 

1.29 

.990 

III 

1.003° 
(.005) 
[.573] 

-1.7E-5* 
(7.2E-6) 

.003 
(.002) 

1.30 

.990 

IV 

.999 

** 

.370 

-.064 

-1.3E-5 

.002 

1.96 

.991 

(.005) 

(.051) 

(.051) 

(6.8E-6) 

(.002) 

[-.183] 

V 

1.001° 

** 

.376 

-.059 

-6.3E-4 

1.96 

.991 

(.005) 

(.051) 

(.051) 

(.001) 

[.127] 
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TABLE  4 
Dependent  Variable  rinf 


Explanatory 
Variables 

^^"^-1 

-rinf^_3 

t 

c 

DW 

r2 

Regressions 

1.000 

.73 

.993 

I 

(.003) 
[-.071] 

II 

.998 
(.004) 
[-.417] 

2.4E-4 
(3.6E-4) 

.73 

.993 

III 

1.000 

(.004) 

[-.028] 

-3.5E-6 
(2.4E-6) 

5.4E-4 
(6.4E-4) 

.74 

.994 

IV 

.994 

** 

.566 

* 

.111 

-4.2E-7 

-2.7E-4 

2.01 

.996 

(.003) 

(.051) 

(.051) 

(1.8E-6) 

(5.0E-4) 

[-1.660] 

V 

.994 

** 

.566 

* 
.011 

3.6E-4 

2.01 

.996 

(.003) 

(.051) 

(.051) 

(2.7E-4) 

[-1.790] 
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Explanatory 
Variables 


Regressions 

I 

II 

III 

IV 


rfnf 


t-1 


.994" 

(.002) 

[-3.277] 

.996 
(.002) 
[-1.933] 

1.000 
(.006) 
[-.069] 

.993 
(.005) 
[-1.312] 

.997 
(.002) 
[-1.549] 


TABLE  5 
Dependent  Variable  nfnf 


-rfnf 


t-2 


** 


.330 
(.051) 


** 


.327 
(.050) 


rfnf 
-ffnf 


t-2 
t-3 


** 


.202 
(.051) 


** 


.IS>7 
(.050) 


3.5E-6 
(4.4E-6) 


3.3E-6 
(4.0E-6) 


4.3E-4 
(1.9E-4) 


.001 
(.001) 


6.9E-4 
(.001) 


1.5E-4 
(1.7E-1) 


DW 

r2 

1.16 

.999 

1.18 

.999 

1.19 

.999 

2.02 

.999 

2.02 

.999 

Notes  for  Tables  2,  3,  4  and  5. 

Standard  errors  are  in  parentheses;  figures  in  brackets  are  the 
t-statistics  about  1. 

*  Significantly  different  from  zero  with  95%  confidence 
**  Significantly  different  from  zero  with  99%  confidence 

o  Significantly  different  from  one  with  95%  confidence  using 
Fuller's  (    )  table. 
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To  test  whether  a  is  different  from  one,  I  compute  the  t-statistic 
of  the  coefficient  of  the  lagged  dependent  variable  around  one.  However, 
this  statistic  should  not  be  compared  with  Student's  t  distribution. 
Dickey  and  Fuller  [1979]  have  shown  that  the  standard  t-test  is  assymptot- 
ically  invalid  under  the  null  hypothesis  that  a„  is  equal  to  one.   Instead, 
Fuller  [1976]  provides  a  table  of  the  empirical  distribution  of  the  t- 
statistic  under  the  null  hypothesis.   Using  this  table,  one  can  ascertain 
that  all  series,  except  possibly  rcnf,  have  a  unit  root.   Furthermore, 
the  coefficients  c  and  a^  are  insignificantly  different  from  zero  for  all 
the  series.  However,  the  coefficients  a„  and  a,  are  significantly  differ- 
ent from  zero  with  99  percent  confidence  in  most  cases.   The  current  change 
in  relative  prices  can  be  predicted  by  past  changes  in  relative  prices. 
Therefore,  the  autoregressive  representation  of  these  series  of 
relative  prices  have  a  unit  root  in  addition  to  other  nonzero  roots.   The 
presence  of  these  latter  roots  rejects  the  hypothesis  that  relative  prices 
follow  a  random  walk. 

When  one  couples  this  result  with  Fama's  (1976)  which  states  that 
real  rates  of  return  on  treasury  bills  are  always  predicted  to  be  equal 
to  zero  then  one  must  conclude  that  goods  are,  at  least  some  of  the  time, 
an  investment  superior  to  T-bills. 

To  sum  up,  the  data  on  relative  prices  reject  a  model  in  which  there 
are  no  distortions  in  the  goods  market.   It  does  not  necessarily  favor 
the  hypothesis  that  the  distortions  are  of  the  type  that  are  analyzed 
in  this  thesis.   Using  aggregate  data  one  can  test  some  more  specfic 
implications  of  the  model. 
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^ •     Estimation  and  Testing  of  the  Model  uaing  Ag^^regate  Data 

A.   Generalities 

To  estimate  the  aggregate  model  of  Sections  II  and  III,  It  Is 
first  necessary  to  decide  which  observable  variables  best  represent  the 
theoretical  constructs  m,  p  and  q.   The  model  of  this  thesis  does  not  allow 
for  growth.   That  is,  the  supply  of  factors  is  assumed  fixed,  in  order 
to  focus  on  the  cyclical  fluctuations  of  output  about  its  trend. 

The  empirical  counterpart  of  this  model  also  focuses  on  the 
fluctuations  of  the  various  variables  about  their  trends.   Therefore, 
all  the  variables  were  de trended.   Furthermore,  their  mean  was  removed 
in  the  same  process.   Therefore,  all  the  equations  will  be  estimated  with- 
out constant  terms.   The  resulting  series,  as  well  as  the  techniques  em- 
ployed to  derive  them,  are  presentf!iff  lo  the  appendix.    The  money  stock 
that  enters  into  the  demand  function  (1)  is  assumed  to  be  Ml.   The  index 
of  aggregate  output  Q  is  assumed  to  behave  like  GNP  even  though  Q  is 
supposed  to  include  all  the  outputs  of  intermediate  goods  sections. 
The  price  level  is  represented  successively  by  the  cpi  and  by  the  GDP 
deflator.  —   The  variable  p  ,  the  index  of  the  prices  that  are  assumed 
to  be  exogenous,  is  a  weighted  average  of  the  prices  of  the  sectors  other 
than  the  private  nonfarm  business  sector.   The  weights  are  given  by 
the  proportion  of  these  sectors  in  total  GDP.   For  the  purpose  of 
estimation,  all  variables  are  in  natural  logarithms  as  predicted  by 
the  theory. 

Before  estimating  the  model,  one  question  must  be  addressed.  What 
equation  ought  to  be  used  by  both  the  rational  agents  and  by  econometricians 
when  forecasting  m  and  p  ,  the  variables  which  are  not  under  the  control  of 


-38- 


price  setting  firms?  Here,  it  is  postulated  that  the  best  forecasting 

equations  are  given  by  parsimonious  univariate  autoregressions  like  (36) 

and  (45).   However,  if  the  endogenous  variables  helped  to  predict  m  and  p  , 

o 

rational  firms  would  employ  them  for  this  purpose.   Therefore,  subsection 
B  is  devoted  to  checking  that,  indeed,  the  endogenous  variables  do  not 
significantly  help  in  predicting  m  and  p  .   Then,  it  proceeds  to  present 
the  parsimonious  autoregressions  which  are  taken  to  be  the  forecasting  equa- 
tions used  by  rational  agents  in  the  U.S. 

In  subsequent  sections,  the  model  is  estimated  in  two  versions. 
First,  in  subsection  C,  all  prices  are  assumed  to  be  set  by  firms  with 
loss  function  (4).  Second,  in  subsection  D,  only  those  firms  that  produce 
nonfarm  output  are  assumed  to  have  the  loss  function  (4).  The  other  prices, 
aggregated  in  p  ,  are  assigned  to  be  exogenous.  The  estimates  of  these 
sections  are  the  result  of  estimation  via  maximum  likelihood.  The  DFP 
and  MINOPT  algorithms  were  used  to  obtain  convergence. 

B.  The  prediction  of  m  and  p 

This  section  begins  by  presenting  evidence  suggesting  that  the 
univariate  representation  (36)  for  m  and  (45)  for  p  are  indeed  appropriate 
descriptions  of  these  series.   These  equations  are,  therefore,  likely  to  be 
the  equations  used  by  firms  when  forecasting  m  and  p  . 

The  firms  in  this  economy  are  trying  to  predict  the  future  values 
of  m  and  p  using  all  available  current  information.   Therefore,  they 
would  use  as  predictors  any  lagged  values  of  the  other  endogenous  variables  if 
these  values  helped  perdict  m  and  p  .  By  the  definition  of  Granger  causality, 
the  endogenous  variables  are  not  useful  predictors  of  m  and  p  if  and  only 
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if  they  do  not  cause  m  and  p  .   A  variable,  x,  is  said  to  cause  y  in  the 

o 

Granger  [1969]  sense  if  the  variance  of  y  about  the  expectation  of  y  con- 
ditional on  past  values  of  y  alone  is  significantly  larger  than  the  vari- 
ance of  y  about  the  expectation  conditional  on  past  values  of  y  and  past 
values  of  x.  Numerous  techniques  to  test  the  null  hypothesis  of  absence 
of  causality  in  the  Granger  sense  have  been  proposed.   Pearce  and  Haugh 
[1977]  provide  a  survey  of  these  techniques.   The  simplest  one  has  been 

used  by  Sargent  [1976]  and  has  been  proposed  in  the  original  paper  by 

8/ 
Granger  [1969].—   It  consists  of  regressing  the  variable  y  on  its  own  past 

and  on  the  past  of  x.   An  F-test  can  be  computed  to  determine  whether  the 
lagged  values  of  x  contribute  significantly  to  the  forecast  of  y.   To  en- 
sure that  causality  is  not  found  when  it  is  not  really  present,  enough 
lagged  values  of  y  must  be  included.   Furthermore,  for  the  F-test  to  be 
precise,  it  is  important  that  the  residuals  of  the  regression  of  y  on  its 
own  past  and  on  the  past  of  x  be  serially  uncorrelated. 

The  question  of  whether  money  is  caused  or  causes  GNP  has  received 
wide  attention  in  recent  years  (see,  for  instance,  the  studies  by  Sims 
[1972,  1980],  Feige  and  Pearce  [1974],  Sargent  (1976]).   In  general,  these 
studies  have  concluded  that  in  the  postwar  U.S.  money  causes  but  is  not 
caused  by  national  income. 

Tests  of  the  null  hypothesis  that  the  variables  m  and  p   that  will 
be  used  to  estimate  the  model  of  Sections  II  and  III  are  exogenous  are 
presented  in  Table  6.   The  hypothesis  that  the  money  stock  is  exogenous  is 
tested  both  with  seasonally  adjusted  data  (m)  and  with  data  that  have  not 
been  seasonally  adjusted  (m) . 

Ninety-five  percent  of  the  mass  of  an  F  distribution  with  5  and  125 
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degrees  of  freedom  is  below  the  value  2.29.   The  null  hypothesis  that  x 
does  not  cause  y  cannot  be  rejected  with  95  percent  confidence  if  the  F- 
statistic  that  results  from  comparing  all  the  estimated  B.'s  with  zero  is 
below  2.29.   Therefore,  this  hypothesis  can  be  rejected  for  none  of  the 
combinations  of  X  and  Y  in  Table  6.   In  particular,  neither  the  seasonally 
adjusted  nor  the  not  seasonally  unadjusted  money  stock  is  caused  by  either 
the  price  level  (measured  by  the  cpi)  or  aggregate  output.   Furthermore, 
the  seasonally  adjusted  money  stock  is  not  caused  by  either  of  the  two 
components  of  the  price  level  which  will  be  studied  separately  below. 
These  components  are  the  private  nonfarm  business  price  index  and  the  in- 
dex of  all  other  prices  which  enter  GNP  which  is  called  p  . 

Finally,  the  index  p  appears  not  be  caused  by  income  nor  by  the 
private  nonfarm  business  price  index  nor  by  the  money  stock. 

Next,  the  parsimonious  representations  of  (36)  and  (45)  for  m  and 
p  must  be  found.   The  OLS  regressions  that  are  the  result  of  fitting  these 
representations  must  have  the  following  properties.   First,  the  residuals 
of  these  regressions  must  appear  to  be  white  noise.   Second,  the  inclusion 
of  other  lags  of  the  dependent  variable  on  the  RHS  must  not  significantly 
reduce  the  sum  of  squared  residuals  of  these  regressions.   The  parsimonious 
representations  were  obtained  by  studying  the  series  by  the  methods  sug- 
gested by  Box  and  Jenkins  [1970]. 

The  series  m  can  be  parsimoniously  represented  by  an  AR(2)  process 

8/ 
of  the  first  difference  of  m.   In  other  words,  (36)  becomes:— 

(1  -  ij)^!  -  ii;2L^)(m^  -  m^_^)  =  E.^  (51) 

The  OLS  estimates  of  eq.  (51)  are  given  by: 
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m^  -  m^_i  =  0.62  (m  _ 

(.09)   "  "    ^  "    (.10) 


t   -t-1  =  0-",  ^"t-1  -  \-2^   -  ^'}l(\-2  -   V3>  +  ^t 


2 
DW:   1.92        R  :   .308  Period:   19481  to 

1979II 
where  the  standard  errors  are  In  parentheses. 

The  seasonally  unadjusted  money  stock  m  can  be  parsimoniously 

represented  as  on  AR(2)  process  of  the  fourth  difference  of  m.   Eq.  (36) 

9/ 
therefore  becomes :  — 

(1  -  ip^L  -  ij^^L  )(m^  -  in^_^)  =  ^^  (52) 

The  OLS  regression  that  encompasses  this  representation  is  given  by; 

m  -  m   ,  =  1.38  (m    -  m       )   -   0.56  (m  „  -  m  ,)  +  ^ 
""  ^-''        (.07)  ^-^  '-^    (.07)   '-2    ^-^  ^ 

DW:   1.93        R^r   .854  Period:   1948III  to 


1979II 


where  the  standard  errors  are  in  parentheses. — 


Finally,  the  process  followed  by  p^  can  also  be  represented  parsi- 
moniously as  an  AR(2) .   Equation  (45),  therefore,  becomes: 

The  OLS  estimates  of  (53)  are  given  by: 

p    =  1.057  p  ^  ,   -   .267  p   - 
(.087)  °'-'     (.087)°^-' 

DW:   2.05     R^:   .710     Period  19481  to  1979II 


C.   All  price  are  endogenous 

In  this  section  I  will  estimate  the  system  composed  of  the  money 
forecasting  equation  (36),  the  price  level  equation  (40),  the  output 
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equation  (18)  and  the  equation  that  gives  the  evolution  of  the  taste  for 
money  balances  over  time  (37) .   These  equations  are  repeated  here  without 
constant  terms,  just  as  they  will  be  estimated,  for  easy  reference. 

i|;(L)mj.  =  K^  (36) 


Pt 


j=l  i=j+l 

LJ  ]  ^^  +   [  (g-l)(l-Y)  ]  V  (40') 

t         5  _  X   J  t 


y^  =  d  (m^.  -  Pj.  -  \)  (18') 


v^  =  Xv^_^  +  Vj.  (37) 


It  is  possible  to  estimate  consistently  the  parameters  y  ^nd  6  , 
the  roots  of  the  characteristic  function  that  describe  the  evolution  of  the 
price  level,  by  fitting  (40')  all  by  itself.   This  can  be  done  by  using 
the  values  obtained  from  the  OLS  regressions  of  (51)  and  (52)  for  the  ^. 
in  (40').   However,  this  procedure  is  not  as  efficient  as  the  joint 
estimation  of  (36)  and  (40')  in  which  the  cross  equation  restrictions  are 
imposed. 

Similarly,  the  parameter  X   can  be  estimated  consistently  by  fitting 
either  (40')  or  (18')  by  themselves  after  applying  the  transformation  due 
to  Koyck.   However,  the  estimates  of  X  that  result  from  the  simultaneous 
estimation  of  these  two  equations  is  more  efficient.   On  the  other  hand, 
if  output  were  also  influenced  by  an  excluded  serially  correlated  variable. 
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one  would  not  expect  the  coefficient  that  gives  the  serial  correlation  of 

the  errors  of  the  output  equation  to  be  the  same  as  the  corresponding 

coefficient  of  the  price  equation.   Since  a  weighted  average  of  relative 

prices  which  could  be  serially  correlated  and  time  varying  is  assumed  to 

be  constant  in  order  to  derive  (18),  the  output  equation  might  well  be 

plagued  by  the  inclusion  of  a  relevant  serially  correlated  variable. 

If  this  problem  were  present,  then  the  estimation  of  (18')  and  (40') 

jointly  would  lead  the  misspecif ication  of  the  output  equation  to  pollute 

the  estimates  of  the  parameters  of  the  price  equation.   This  would  be  true 
whether  one  imposed  the  restrictions  that  the  estimated  X's  be  the  same  or 

not.  The  model  was  thus  estimated  in  three  versions.  First,  it  was  esti- 
mated without  the  output  equation  (Specifications  I  and  II) .  Then  it  was 
fitted  including  the  output  equation  and  imposing  the  cross  equation  re- 
striction on  the  estimate  of  A  (Specification  III).  Finally,  (18')  and 
(40')  were  estimated  jointly,  but  A  ,  the  estimate  of  A  from  the  price 
equation,  was  allowed  to  be  different  from  A-,  the  estimate  of  A  from  the 

output  equation  (Specification  IV) . 

Note  that  the  coefficient.  A,  is  quite  important.   Those  that  be- 
lieve that  shifts  in  tastes  (or  in  Keynes's  words,  shifts  in  animal  spirits) 
do  not  affect  aggregate  output  significantly  but  feel  instead  the  business 
cycles  are  caused  exclusively  by  variations  in  m,  would  not  expect  the  un- 
observed variable,  v,  to  play  an  important  role.   Instead,  those  that  be- 
lieve that  nominal  taste  shocks  are  recurrent  and  that  their  influence 
ought  to  be  dampened  through  the  use  of  stabilizing  aggregate  demand  pol- 
icies, would  expect  v  to  be  an  important  determinant  of  the  price  level 
and  output.   This  debate  lends  the  coefficient.  A,  its  importance.   If  A 
is  different  from  zero,  then  the  errors  in  the  price  equation  (40)  are 
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partly  responsible  for  the  fact  that  the  deviations  of  output  from  trend 
are  serially  correlated.   By  interpreting  this  error  as  a  nominal  shock 
that  is  due  to  tastes,  one  can  then  conclude  that  shifts  in  tastes  are 
partly  responsible  for  the  "cyclic"  nature  of  y.   Instead,  if  A  is  equal 
to  zero,  then  all  the  "cyclic"  properties  of  y  can  be  attributed  to  changes 
in  the  money  stock. 

To  ascertain  the  consequences  of  forcing  X   to  be  zero,  the  price 
equation  was  fitted  both  with  (Specification  II)  and  without  (Specifica- 
tion I)  correction  for  serial  correlation  of  the  errors. 

The  model  also  imposes  three  inequality  restrictions  on  the  para- 
meters Y>  <5  and  d  which,  for  computational  convenience,  were  not  imposed 
in  the  estimation.  The  roots  y  and  6  of  the  equation  that  characterizes 
prices  must  have  the  property  that  Y  '^  1  while  5  >  1.  Furthermore,  the 
coefficient,  d,  which  measures  the  elasticity  of  aggregate  output  with 
respect  to  money  balances,  must  be  positive.  These  inequalities  can,  of 
course,  be  tested  one  by  one  using  the  estimates  of  the  standard  errors  of 
the  coefficients. 

One  issue  which  must  be  addressed  is  whether  the  data  ought  to  be 
seasonally  adjusted  or  not.   Using  seasonally  unadjusted  data  would  be 
warranted  if  the  seasonal  pattern  in  prices  is  due  to  the  seasonal  pattern 
of  the  exogenous  variables  (in  this  case  money  and  v)  together  with  the 
model.   Instead,  the  use  of  seasonally  adjusted  data  would  be  required  if 
the  seasonal  pattern  in  prices  and  output  were  due  to  other  causes  like 
the  weather,  the  proximity  of  Christmas,  and  so  forth. 

The  estimation  was  carried  out  using  both  seasonally  unadjusted  and 
seasonally  adjusted  data  for  the  price  level  and  the  money  stock. 


-46- 


The  estimates  of  the  coefficients  using  the  seasonally  adjusted 
money  stock  as  the  primary  influence  on  the  seasonally  adjusted  cpi  and 
on  the  GDP  deflator  are  presented  respectively  in  Tables  7  and  8.   Table 
9  presents  the  estimates  that  result  from  using  the  seasonally  unadjusted 
Ml  and  cpi. 

The  results  for  the  seasonally  adjusted  cpi  are  virtually  identical 
to  those  for  the  GDP  deflator.   In  many  ways  the  GDP  deflator  is  the 
more  natural  variable  to  focus  on  since  it  includes  all  the  prices 
that  enter  the  index  of  aggregate  output  y.   The  cpi  was  used  in  order 
to  contrast  the  estimation  using  seasonally  unadjusted  data  with  the 
estimation  using  data  that  were  previously  seasonally  adjusted.   Further- 
more the  cpi  has  the  advantage  of  having  fixed  weights  as  does  the  price 
index  for  which  the  model  generates  predictions.   Instead,  the  weights 
of  the  GDP  deflator  are  current  period  weights. 

The  Walrasian  equilibrium  of  this  model  would  be  observed  if  Y 
were  equal  to  zero  and  5  equal  to  infinity.   This  would,  of  course,  require 
that  the  only  explanator  of  the  price  level  be  the  contemporaneous  level 
of  money  balances.   Such  a  hypothesis  is  rejected  by  all  the  estimating 
equations,  thereby  lending  credibility  to  the  notion  that  prices  are  sticky 
in  the  U.S.   Furthermore,  the  adjustment  of  prices  is  shown  to  be  very  slow. 
This  is  evidenced  by  the  high  values  of  Y.  t^^e  coefficient  of  lagged  prices 
in  the  price  equation. 

This  slowness  is  due  to  one  of  two  causes:   either  the  effect 
of  real  money  balances  on  demand  is  small  enough  to  cause  penalties  that 
accrue  from  charging  the  wrong  prices  minimal,  or  the  subjective  costs  of 
charging  prices  are  high.  This  can  be  seen  by  computing  the  underlying 
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Table  7 


Estimation  of  the  model  to  explain  the  path  of  the  seasonally  adjusted  cpi 
Quarterly  Data  1948  I  to  1972  II 

Specification 


Price  and 

Money  Eqs. 

Price,  Money 

and  Q«J:put  JEqs'. 

Coefficients 

I 

II 

III 

IV 

^1 

.621 

.628 

.562 

.570 

(.092) 

(.094) 

(.089) 

(.091) 

^2 

-.135 

-.144 

-.105 

-.115 

(.099) 

(.100) 

(.113) 

(.115) 

Y 

.966 

.928 

.739 

.720 

(.017) 

(.046) 

(.072) 

(.084) 

6 

780.884 

2140.600 

.893 

.879 

(.126) 

(.126) 

(.348) 

(.299) 

^1 

.717 

.916 

.931 

(.078) 

(.030) 

(.046) 

^2 

.913 

(.029) 

d 

.431 
(.155) 

.453 
(.163) 

Single  Equation 

Statistics 

4 

.308 

.308 

.306 

.307 

»M 

1.922 

1.933 

1.823 

1.834 

r2 

P 

.973 

.986 

.984 

.984 

DWp 

.614 

2.061 

1.950 

1.941 

r2 

y 

.905 

.906 

DW 

y 

1.261 

1.258 

Global  Statistic 

~ 

A 

-20.4705 

-21.1533 

-30.4234 

-30.4245 

Notes  for  Tables 

7-9:  Assymptotic  standard  errors  are  : 

Ln  parentheses. 

The  subscript  M  refers  to  a  single  equation  statistic  corresponding  to  the 
money  forecasting  equation.   Similarly,  the  subscripts  p  and  y  refer  to 
statistics  corresponding  to  the  pricing  and  the  output  equations  respec- 
tively.  The  statistic  I   is  the  logarithm  of  the  determinant  of  the 
empirical  covariance  matrix  of  the  residuals. 
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Table  8 

Estimation  of  the  model  to  explain  the  path  of  the  GDP  deflator 

Quarterly  Data  1948  I  to  1979  II 

Specification 

Price  and  Money  Eqs.  Price,  Money  and  Output  Eqs . 

Coefficients        I          II  III  IV 

I",            .619         .623  .548  .551 

(.092)       (.092)  (.081)  (.081) 

^^                           -.132        -.137  .041  .048 

(.097)       (.097)  (.038)  (.043) 

Y             .946         .920  .486  .458 

(.016)        .032  (.085)  (.089) 

6          780.884     2140.600  .868  .889 

(.126)     (60.945)  (.072)  (.073) 

X,                       .556  .903  .916 

(.078)  (.024)  (.027) 

A„  .888 

'^  (.030) 

d  .806  .898 

(.199)  (.030) 


.288 
1.823 

.939 
1.799 

.888 
1.248 

30.4686 


Single  Equation 

Statistics 

.308 

< 

.308 

.290 

^\ 

1.920 

1.925 

1.818 

r2 

P 

.974 

.983 

.943 

DW 
P 

.903 

2.194 

1.794 

2 
R 

y 

.892 

DW 

y 

1.258 

Global  Statistic 

i 

-20.8178 

-21.2103 

-30.4641 
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Table  9 

Estimation  of  the  model  to  explain  the  path 
of  the  seasonally  unadjusted  cpi 

Quarterly  Data  1948  III  to  1979  II 


Specification 

Price  and 

Money  Eqa. 

Price,  Money 

and  Output  Eqs . 

Coefficients 

I 

IT 

III 

IV 

1.381 

1.377 

.816 

1.235 

(.071) 

(.071) 

(.045) 

(.075) 

^^2 

-.565 

-.563 

-.005 

-.464 

im 

(.071) 

(.071) 

(.028) 

(.071) 

Y 

.978 

.967 

.629 

.966 

(.017) 

(.035) 

(.075) 

(.032) 

6 

2.725 

4.820 

1.149 

2.512 

(.666) 

(8.233) 

(.115) 

(2.341) 

^1 

.628 

.938 

.614 

(.079) 

(.025) 

(.077) 

A2 

.919 
(.034) 

d 

-.059 
(.074) 

.201 
(.322) 

Single  Equation 

Statistics 

4 

.974 

.983 

.981 

.983 

^\ 

.783 

1.928 

1.605 

1.898 

r2 

P 

.854 

.854 

.879 

.848 

DW 
P 

y 

1.923 

1.914 

1.157 

1.608 

.774 

.886 

DW 

y 

.890 

1.176 

Global  Statistic 

I 

-19.9573 

-20.4128 

-29.374  6 

-29.6366 
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behavioral  parameters  p  and  D/C  from  (15)  and  (16) 


p    = 

1 
6y 

D/C 

_      (6-1) (1-Y) 

6y 

where  p  is  the  monopolist's  discount  factor, —   D  captures  the  pressure 
of  real  money  balances  on  demand,  and  c  measures  the  costs  of  changing 
prices. 

The  estimates  for  D/C  are  indeed  very  low  as  required  for  the  prices 
to  move  slowly.   They  are  .08  and  .09  for  the  seasonally  adjusted  and  sea- 
sonally unadjusted  data  respectively  when  using  Specification  II,  the  pre- 
ferred specification  which  estimates  (36),  (37)  and  (40)  simultaneously 
without  forcing  A  to  be  zero.   This  specification  is  preferred  for  two  rea- 
sons:  First,  it  is  superior  to  Specification  I  which  requires  X  to  be  zero. 
The  hypothesis  that  A  is  indeed  zero  can  be  tested  by  comparing  the  Z   sta- 
tistics of  the  two  specifications.   It  is  rejected  by  the  three  data  sets. 
This  fact  suggests  that  nominal  taste  shocks  are  an  important  determinant 
of  the  fluctuations  of  real  money  balances  and  hence  of  output. 

Second,  the  output  equation  does  appear  to  be  misspecified  and, 
therefore,  its  separate  estimation  is  warranted  since  then,  at  least,  the 
parameters  of  the  price  equation  will  be  consistently  estimated.  The  first 
sign  of  this  misspecif ication  is  that  the  DW  statistics  corresponding  to 
the  output  equation  are  quite  low.  Furthermore,  the  hypothesis  that  the  es- 
timate of  A  from  the  price  equation  A^  is  the  same  as  the  corresponding  es- 
timate for  the  output  equation  X2  is  rejected  by  the  seasonally  adjusted 
data  as  can  be  seen  by  comparing  the  i   statistics  corresponding  to  Speci- 
fications III  and  IV. 
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That  the  potential  misspecif ication  of  the  output  equation  affects 
the  joint  estimates  of  the  system  can  be  seen  by  noting  that  the  estimates 
for  6  are  below  unity  when  the  output  equation  is  included  and  the  data 
are  seasonally  adjusted.   This  runs  counter  to  the  model's  prediction  that 
the  "unstable"  root  6  be  larger  than  unity.   Note  that  when  the  output  equa- 
tion is  excluded,  the  estimates  for  6  are  always  larger  than  one.  More- 
over the  joint  estimation  of  the  output  and  price  equations  with  seasonally 

2 
adjusted  data  leads  to  a  lower  R  for  both  equations  than  the  one  obtained 

from  their  separate  estimation.   This  is  shown  by  the  following  estimates 

obtained  by  CORC: 

y   =   .516  (m  -  p  ) 
(.109) 

X  =  .913   R^  =  .906   DW  =  1.26   Period  19481  to  1979II 
where  p  is  the  log  of  the  detrended  cpi  at  t.   The  maximum  likelihood  pro- 
cedure is  worsening  the  fit  of  the  individual  price  and  output  equations  in 
order  to  increase  the  covariance  of  the  errors  of  these  equations. 

At  any  rate,  the  estimate  for  d,  the  elasticity  of  output  with  re- 
spect to  money  balances,  is  much  smaller  than  one.  Recall  that  the  simple- 
minded  quantity  then  predicts  that  d  is  equal  to  one. 

I  now  proceed  to  test  these  regressions  against  alternative  hypo- 
theses which  impose  less  structure  on  the  data.   These  leps-restricted 
specifications  could  arise  if  either  the  model  of  firm  behavior  was  true 
and  the  expectations  were  not  computed  rationally,  or  if  the  expectations 
were  computed  rationally  but  firms  chose  their  prices  by  pursuing  different 
objectives. 

The  models  estimated  in  Tables  7  to  9  have  many  more  explanatory 
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variables  than  coefficients.   For  exanqile,  when  seasonally  adjusted  data 
were  used,  the  pricing  equation  in  the  first  column  has  four  explanatory 
variables  (lagged  prices,  current  and  two  lags  of  money),  while  the  money 
forecasting  equation  has  two  explanatory  variables.   However,  only  four 
coefficients  are  estimated  (y,    6,  ^     and  ij^„).   Therefore,  the  model  im- 
poses two  nonlinear  restrictions  on  the  coefficients  of  six  explanatory 
variables.   It  is  natural  to  test  these  cross  equation  restrictions  by  com- 
paring each  specification  to  a  specification  that  uses  the  same  explanatory 
variables  but  does  not  restrict  the  coefficients.   The  logarithm  of  the 
determinant  of  the  covariance  matrix  of  the  errors  of  these  unrestricted 

regressions  is  £  .   The  tests  are  carried  out  by  computing  the  quantities 

2 
T[£  -  a]   and  contrasting  them  with  the  x  distribution  with  r  degrees  of 

freedom.  Here  r  is  the  difference  in  the  number  of  coefficients  used  in 
the  computations  of  i  and  the  number  of  coefficients  used  in  the  compu- 
tation of  Z, 

As  can  be  seen  in  Table  10,  the  unrestricted  estimates  using  season- 
ally adjusted  data  do  not  reject  the  model.   But,  the  estimates  using 
seasonally  nonadjusted  data  do  reject  the  model  with  99  percent  confidence. 
This  leads  to  the  conclusion  that  prices  do  have  a  seasonal  pattern  of 
their  own,  independent  of  money  balances.   In  other  words,  the  model, 
together  with  the  movement  of  m,  is  able  to  explain  only  the  nonseasonal 
component  of  prices.   Instead,  the  seasonal  component  must  be  explained 
by  other  hypotheses. 

Next,  the  fit  of  these  specifications  which  include  the  output 
equation  is  compared  with  the  fit  of  an  even  less  restricted  hypothesis 
which  allows  output  to  be  explained  by  two  lags  of  output  as  well  as  by 
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the  current  and  lagged  real  money  balances .   This  was  done  because  the 
output  equation  may  well  be  misspecified  by  the  exclusion  of  a  serially 
correlated  variable.   The  logarithm  of  the  determinant  of  the  covariance 
of  the  errors  from  estimating  this  more  unrestricted  model  is  Z, .      Indeed, 
the  hypothesis  that  each  explanatory  variable  has  its  own  coefficient  and 
that  output  is  explained  by  two  lags  and  current  and  lagged  real  money 
balances,  rejects  the  model  when  the  output  equation  is  estimated  jointly 
with  the  other  equations.   This  represents  further  evidence  that  the  output 
equation  is  misspecified. 

Finally,  I  contrast  the  system  composed  of  (36),  (37),  (18')  and 
(40'),  with  an  extremely  unconstrained  model,  namely  a  fourth  order  vector 
autoregression.   The  purpose  of  this  comparison  is  to  allow  the  model  to 
be  rejected  by  models  which,  while  theoretically  eclectic,   appear  to  fit 
the  data  very  well.   The  vector  autoregression  is  obtained  by  explaining 
each  variable  with  four  lags  of  itself  and  of  the  other  relevant  variables. 
In  addition,  the  errors  in  the  different  equations  are  allowed  to  be  cor- 
related so  that  the  likelihood  of  the  model  is  proportional  to  the  deter- 
minant of  the  empirical  covariance  matrix  of  the  errors.   Rather  than 
estimating  this  covariance  matrix  by  FIML,  it  is  simpler  to  compute  the 
determinant  of  the  matrix  that  results  from  first  making  the  error  in  the 
different  equations  orthogonal  as  is  done  in  Sims  [1980a] .   To  make  these 
errors  orthogonal,  it  suffices  to  include  the  current  money  stock  as  an 
explanator  of  current  prices  while  allowing  both  the  current  money  stock 
and  current  prices  to  explain  current  output.   Since  the  errors  in  the 
three  equations  will  now  be  orthogonal,  they  can  efficiently  be  estimated 
by  OLS.   Then,  one  obtains  £„  as  the  sum  of  the  logarithms  of  the  sum  of 
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Table  10 
Tests  of  the  model  when  all  prices  are  endogenous 


o 
Specification 


T[l^  -  I] 

T[£^  -  A] 

T[£2  -  ^] 

6.842* 

[2] 

2.289* 
[3] 

101.455 
[12] 

15.422* 
[10] 

4.460* 
[5] 

28.564 
[6] 

79.393 
[30] 

4.322 

[4] 

28.426 
[5] 

79.254 

[29] 

5.494* 
[2] 

1.600* 
[3] 

62.572 
[12] 

13.117* 
[11] 

3.931* 
[5] 

23.197 
[6] 

68.645 

[30]  • 

3.364* 

[4] 

22.630 
[5] 

68.072 
[29] 

16.331 
[5] 

109.951 
[20] 

25.222 
[6] 

53.469 

[19] 

59.557 
[8] 

44.705 
[8] 

184.190 
[18] 

27.069 
[7] 

36.616 
[7] 

151.702 
[47] 

7  I 

7  II 

7  III 

7  IV 

8  I 
8  II 
8  III 

8  IV 

9  I 
9  II 
9  III 
9  IV 


Notes:   o  The  specification  number  is  the  number  of  the  table  in  which  the 
results  of  this  specification  can  be  found  followed  by  the  number 
of  the  particular  specification  within  the  table,  i.e., 
specification  7  IV  corresponds  to  the  regression  IV  of  table  7. 
The  numbers  in  brackets  are  the  numbers  of  restrictions  tested 
and  hence  the  number  of  degrees  of  freedom  of  the  relevant  X 
distribution. 

*  The  value  of  the  statistic  is  lower  than  the  value  to  the  left  of 
which  lies  99%  of  the  relevant  X ^  distribution. 
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squared  errors  of  the  residuals  of  the  three  equations. 

As  can  be  seen  in  Table  10,  when  seasonally  adjusted  data  are  used, 
the  versions  of  the  model  in  which  the  output  equation  is  excluded  are 
not  rejected  by  the  vector  autoregressions.   Instead,  as  would  be  expected 
after  comparing  Jl,  with  Z,   when  the  output  equation  is  included,  the  vector 
autoregression  with  four  lags  rejects  the  model  with  99  percent  confidence. 

This  section  leads  to  three  main  conclusions.   First,  prices  do 
appear  to  be  sticky  in  the  U.S.   Second,  there  is  a  seasonal  component  of 
prices  (and  hence  demand)  that  is  not  captured  by  the  seasonal  pattern  of 
money  balances.   Finally,  the  restrictions  on  the  paths  of  the  price  level 
and  money  balances  implied  by  the  model  are  not  rejected  by  U.S.  data. 

C.   Some  Prices  are  Exogenous 

In  this  section,  p  ,  the  deflator  for  the  product  of  the  business 
nonfarm  sector,  is  assumed  to  be  the  result  of  prices  charged  by  monopolies 
which  face  costs  of  price  adjustment.   The  rest  of  the  prices  are  assumed 
to  be  exogenous  and  follow  (51).   The  model  as  it  will  be  estimated,  that 
is,  including  the  restrictions  satisfied  by  the  parsimonious  representa- 
tion of  the  processes  characterizing  m  and  p  ,  is  given  by: 


o 


\  -  Vi  =  ^^^-l "  V2^  +  ^2^\-2  -  V3^  ^  ^t 


(51) 


P    =  A,p   ,  +  A-p   o  +  ?^  (^2) 

^ot      1  ot-1    2*^ot-2    t 

^  ^  ^       pc(6-l)(l-iJ;3^/6  -  11^2/ <S)  5     6     "^  "■ 
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"^2      1  ^   (6-1)  (1-Y)  -  D/pc  ,  ,^2      ,^D^      ._,. 

7  ^-2  ^  ^  6-  h^-  K^/6  ^  Pot  ■"  T  Pot-1^  -^  yrX  ^   ^^^  ^ 


q^  =  dCm^.  -  P^  -  v^)  (18') 


v^  =  Avj._^  +  V^  (37) 

Naturally  in  (18')  the  level  of  money  balances  must  be  deflated  by 
a  price  level  that  includes  both  p  and  p  to  yield  m' s  effect  on  the  de- 
mands for  goods.   In  particular,  in  deriving  the  pricing  equation  (46),  it 
was  assumed  that  the  relevant  price  level  must  satisfy: 

Pt  "  '^Pot  "•■   ^^  "  ^^Pt  ^^^^ 

However,  as  discussed  in  Section  III,  the  parameter  to  is  not  identified 

from  the  estimation  of  (46) .   In  other  words,  the  estimates  obtained  from 

the  pricing  equations  are  consistent  with  any  ui. 

On  the  other  hand,  the  logarithm  of  the  GDP  deflator  cannot  be 

written  as  a  convex  combination  of  p  and  p  with  constant  weights.   This 

is  due  to  two  reasons.   First,  the  proportion  of  GDP  accounted  for  by  the 

business  nonfarm  sector  has  been  increasing  steadily  in  the  postwar  period. 

It  went  from  .80  in  1948  to  .84  in  1979.   Furthermore,  a  regression  of  this 

fraction  on  a  time  trend  yields  a  coefficient  on  the  time  trend  whose  t 

statistic  about  zero  is  20.8.   Second,  the  projections  of  the  logarithms 

of  p  and  p  on  the  time  trend  and  the  square  time  trend  do  not  vield  ident- 
o 

ical  coefficients.   Therefore,  even  if  the  fraction  of  GDP  accounted  for 
by  the  business  nonfarm  sector  were  constant,  any  construct  like  (54) 
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would  have  serially  correlated  errors. 

If  the  "correct"  deflator  of  money  balances  is  the  GDP  deflator, 
then,  of  course,  the  pricing  equation  will  have  measurement  error  problems 
due  to  the  assumption  that  the  relevant  price  level  satisfies  (54)  for 
some  to. 

On  the  other  hand,  the  estimation  of  the  output  equation  would  be 
straightforward  since  it  could  suffice  to  deflate  m  by  the  detrended 
logarithm  of  the  GDP  deflator  to  capture  the  effect  of  real  money  balances 
on  output. 

If,  instead,  the  "correct"  deflator  satisfies  (54)  for  some  u,  then 
the  pricing  equation  will  be  correctly  specified  while  the  relevant  out- 
put equation  will  be: 

y^  =  d(m^  -  ojp^^  -  (1  -  a))p^)  +  v^  (55) 

And,  the  parameter  O),  the  weight  of  the  exogenous  prices  in  the  price 
index  used  by  individuals  in  their  decisions  to  consume,  is  identified 
by  the  output  equation. 


Six  versions  of  the  model  were  therefore  fitted  to  U.S.  data.   Since 
the  output  equation  may  be  misspecif ied,  it  was  fitted  separately  in 
specification  I  and  II  to  avoid  the  potential  pollution  o^  the  estimated 
parameters  of  the  other  equations.   Specification  I  explores  the  effects 
of  forcing  X  to  be  zero,  while  Specification  II  relaxes  this  constraint. 
Specifications  III  and  IV  use  the  GDP  deflator  as  the  price  index  which 
households  take  into  account  when  computing  this  real  money  balance. 
Instead,  specifications  V  and  VI  force  that  price  index  to  be  a  convex 
combination  of  p  and  p,  as  in  (54).   Finally,  while  specification  III 
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Table  11 

Estlaatlon  and  costing  of  the  nodel  that  explaina  Che 
prlvace  nonfano  business  scccor'a  price  deflator 
Quarterly  Data  1948  I  to  1979  11 

Specification 


Price  and  Honey 

rqs./Prici 

'in 

E,    Money  and  Output 

Equations 

Coefficients           I 

II 

IV 

V 

n 

*1 

.620 
(.094) 

.619 
(.095) 

.547 
(.110) 

.615 
(.096) 

.595 
(.105) 

.616 
(.098) 

\ 

-.117 
(.101) 

-.115 
(.102) 

-.154 
(.096) 

-.129 
(.103) 

-.134 
(.101) 

-.125 
(.105) 

*1 

1.050 
(.089) 

1.003 
(.068) 

1.102 
(.066) 

1.082 
(.087) 

1.107 
(.078) 

1.039 
(.084) 

^2 

-.265 
(.088) 

-.276 
(.065) 

-.269 
(.066) 

-.313 
(.090) 

-.342 
(.080) 

-.289 
(.082) 

Y 

.968 
(.015) 

.927 
(.039) 

.681 
(.089) 

.956 
(.026) 

.630 
(.096) 

.942 
(.030) 

< 

50.006 
(.126) 

29.964 
(.127) 

20.312 
(.128) 

20.296 
(.126) 

20.297 
(.144) 

20.294 
(.127) 

D/pc 

3.140 
(1.194) 

2.331 
(1.384) 

5.045 
(2.755) 

1.615 
(.787) 

2.573 
(3.369) 

1.941 
(.858) 

*1 

.654 
(.065) 

.900 
(.032) 

.503 
(.082) 

.924 
(.034) 

.546 
(.084) 

h 

.908 
(.036) 

.911 
(.032) 

d 

.246 
(.229) 

.529 
(.199) 

.364 
(.199) 

.485 
(.210) 

«l 
Slnjtle  Equation  StaClsl 

:1C3 

-.495 
(.464) 

-.298 
(.318) 

^ 

.308 

.308 

.301 

.308 

.308 

.308 

Wm 

1.923 

1.923 

1.775 

1.912 

1.875 

1.915 

< 

.715 

.712 

.713 

.714 

.713 

.714 

«'o 

2.071 

1.964 

2.176 

2.155 

2.212 

2.055 

^ 

.978 

.973 

.968 

.984 

.983 

.983 

Wp 

.996 

2.271 

2.333 

2.313 

2.467 

2.163 

^l 

.896 

.900 

.879 

.885 

'         ~y 

1.214 

1.274 

1.624 

1.56* 

Global  SCatlstlcs 

t 
T[t„  -  I] 

-28.5672 

9.425* 
[3] 

-28.8997 

6.413* 
(5) 

-38.0891 
13.117* 
17) 

-38.1533 

5.027* 
(6] 

-38.1425 

38.090 
[10] 

-38.1551 

35.051 

(91 

Tltj  -  ll 

44.705 
(81 

36.616 

(71 

55.742 
(11) 

54.155 
(101 

I[t2  -  t] 

90.317 
[29] 

48.422** 
128) 

146.138 
(55) 

140.049 
(54] 

141.410 
[54] 

138.822 
(531 

Rotea:      Scandard  errors 

are   in  parentheses. 

Nunberw 

In  brackeCs  arc   the 

relevant  degrees  of  freedom  for  the  null  hypothciis  that  the  estlnates 
aatlafy  the  constraints  Imposed  by  the  model.   The  scaciscica  Ki   and  DUg 
are  the  K^  and  I>W  atadscica  for  Che  equation  which  >akca  Pg  a  (uncdon 
of  lagged  Pg'a. 

*  The  value  of  che  ataclstlca  in  lower  thnn  the  value  to  the  left  of 
which  Ilea  99Z  of  the  relevant  X^  distribution. 
*•  The  critical  value  for  the  X'(28)  is  48.2.   Therefore,  che  null 
hypochcala  la  almoat  not  rejected  with  99Z  confidence. 
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and  V  force  the  estimate  of  A  to  be  the  same  across  the  price  and  output 
equations,  specifications  IV  and  VI  relax  this  requirement  on  the  graunds 
that  the  output  equation  may  be  misspecif ied. 

Table  11  presents  both  the  estimates  corresponding  to  the  various 
versions  of  the  model  and  the  statistics  that  can  be  used  to  judge  their 
acceptability. 

For  all  the  versions,  the  estimates  satisfy  those  inequality  restric- 
tions which  the  model  implies  but  which  were  not  imposed  during  the  estima- 
tion.  In  particular,  y  is  positive  and   smaller  than  one,  6  is  greater 
than  one,  Z  and  d  are  positive.   Further,  the  hypothesis  that  there  are  no 
costs  to  changing  prices  is  rejected.   Moreover,  prices  are  very  "sticky" 
and  adjust  slowly  as  evidenced  by  the  high  values  of  Y-   These  are  caused 
either  by  a  small  effect  of  real  money  balances  on  demand  (low  D)  or  by 
high  costs  of  changing  prices,  c.   Indeed,  the  point  estimates  of  D/C  are 
around  . 2 . — 

Once  again  the  parameter  A  is  significantly  different  from  zero. 
Furthermore,  the  hypothesis  that  the  parameter  A  is  the  same  in  both  the 
price  and  output  equations  is  not  rejected  in  either  of  the  specifications 
of  the  output  equation.   These  facts  lend  credence  to  the  notion  that 
changes  in  tastes  are  responsible  for  the  cyclic  movements  of  output. 

The  output  equations  continue  to  suffer  from  potential  misspecif ica- 
tion.   Both  of  its  versions  have  low  DW  statistics.   It  is  true  that  the 
version  that  uses  (18')  as  the  output  equation  by  assuming  that  the  GDP 
deflator  is  a  good  proxy  for  p  is  not  rejected  by  a  model  that  uses  the 
same  explanatory  variables  without  constraining  their  coefficients  as  evi- 
denced by  the  low  values  of  T[£  -  I]    for  specifications  III  and  IV.   On 

o 
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the  other  hand,  all  versions  of  the  version  of  the  model  which  include 
the  output  equations  are  rejected  by  models  which  add  a  second  lag  of  out- 
put as  an  explanator  of  output  as  evidenced  by  the  high  values  of  T[Z     -  Z] . 

o 

They  are  also  rejected  by  fourth  order  vector  autoregressions  as  the  high 
values  of  T[£  -  I]    for  specifications  III  through  VI  indicate. 

Another  unfortunate  feature  of  the  output  equation  is  that  when  (55) 
is  fitted  jointly  with  the  other  equations,  it  leads  to  an  estimate  for  to 
which  has  the  wrong  sign  and  a  large  standard  error.   However,  this  esti- 
mate is  not  significantly  different  from  the  one  obtained  by  fitting  the 
output  equation  separately,  as  can  be  seen  from  the  following  regression: 

y  =  .476  (m  -  0.128  p  ^-  (1  -  0.128)  p  ) 
^   (.096)  ^        (.091)  °^  (.091)  ^ 

X  =   .902    R^  =  .903    DW  -  1.23    Period:   19481  to  1979II 
(.036) 

The  low  value  of  the  DW  statistic  suggests,  however,  that  one  should 
not  place  too  much  confidence  in  these  estimates  of  the  weight  of  p  in  the 
price  index  on  which  individuals  base  their  consumption  decisions. 

While  the  output  equation  appears  to  be  misspecif ied,  the  opposite 
is  true  for  the  equation  describing  the  price  level.  Specification  II  which 
includes  the  output  equation  while  allowing  v  to  follow  a  first  order  auto- 
regression,  is  not  only  not  rejected  by  a  model  which  includes  the  same  ex- 
planatory variables  without  constraining  their  coefficients,  but  it  is  also 
accepted  at  the  99.2%  significance  level  against  a  vector  autoregression. 

The  results  for  this  case  are  thus  mixed.   On  the  favorable  side, 
the  coefficients  satisfy  the  model's  restrictions  and  the  specification 
of  the  pricing  equation  is  basically  not  rejected  by  less  restrictive 
hypotheses.   Furthermore  the  hypothesis  that  prices  are  fully  flexible 
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is  rejected.   On  the  other  hand,  the  output  equation  appears  to  be  mis- 
specified  and  the  construction  of  a  price  index  that  reflects  the 
postulates  of  the  model  has  probably  not  been  achieved. 


VII.   Conclusions 

This  paper   has  presented  evidence  related  to  a  specific  model  of 
sticky  prices.   In  this  model,  prices  are  sticky  because  firms  face  a 
subjective  cost  to  changing  their  prices.   The  model  incorporates  a  number 
of  specific  assumptions  about  the  functional  forms  of  the  demand  functions, 
production  fractions,  etc.   It  therefore  significantly  reduces  the  set 
of  outcomes  that  do  not  contradict  the  model.   In  particular,  the  implica- 
tions of  the  model  stand  in  sharp  contrast  to  the  implications  of  the 
Walrasian  equilibrium  with  complete  markets.   In  general,  the  data  for 
the  postwar  U.S.  do  not  contradict  the  model  and,  furthermore,  do  contra- 
dict the  Walrasian  equilibrium  that  would  obtain  under  the  same  demand 
and  production  functions. 

Two  sets  of  tests  were  performed.   First,  I  showed  that  relative 
prices  of  goods  do  not  have  the  martingale  property.  Or,  in  other  words, 
that  in  a  period  in  which  the  expected  real  return  of  holding  Treasury 
bills  was  always  zero,  the  expected  real  return  on  the  holding  of  goods 
could  be  predicted  with  past  information.   This  test  casts  doubts  on  the 
^?4pl^aatory  power  of  the  walrasian  equilibrium  with  complete  markets. 
Instead,  it  validates  the  model  insofar  as  the  model  predicts  that 
changes  in  relative  prices  will  be  serially  correlated.   This  test, 
however,  is  unable  to  distinguish  between  the  model  of  this  paper  and 
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other  models  in  which  markets  are  not  complete.   In  particular,  the 
Lucas  [1975]  model  can  be  modified  to  predict  that  changes  in  relative 
prices  are  correlated. 

The  second  set  of  tests  involves   the   estimation 
of  the  equilibrium  paths  of  the  price  level  and  output  implied  by  the 
model.   These  equilibrium  paths  must  satisfy  two  types  of  testable 
restrictions.   First,  the  estimated  parameters  must  satisfy  certain 
inequalities.   Second,  the  model  predicts  that,  if  one  were  to  estimate 
more  parameters  by  adding  explanatory  variables,  these  added  variables 
would  not  significantly  contribute  to  the  explanation  of -the  price  level 
and  output.   The  estimation  of  this  aggregate  model  was  carried  out  both 
under  the  assumption  that  all  prices  are  set  by  firms  who  face  a  subjective 
cost  to  changing  prices  and  under  the  assumption  that  some  prices  are 
exogenous.   The  latter  assumption  produced  results  that  are  slightly 
more  consistent  with  the  model.   In  general,  the  estimated  parameter 
satisfy  the  restrictions  imposed  by  the  model.   Furthermore,  when 
the  output  equation  is  excluded,  less  restricted  models  do  not  reject 
the  model  of  this  paper.   Finally,  the  hypothesis  that  prices  adjust 
instantaneously,  under  the  maintained  hypothesis  about  the  functional 
forms  of   the  demand  and  production  functions,   is  rejected  by 
the  data.   These  three  facts  are  taken  to  be  evidence  that  the  model 
ought  to  be  taken  seriously  as  an  explanator  of  aggregate  phenomena  in 
the  United  States. 

On  the  other  hand,  the  output  equation  appears  to  be  misspecified 
since,  when  it  is  included,  the  model  is  rejected  by  some  of  the  models 
that  are  less  restricted.   This  result  must  be  contrasted  with  Barro's 
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[1978].   He  could  not  reject  his  model  when  estimating  only  the  output 
equation.   Instead,  when  he  included  his  price  level  equation,  his 
estimates  did  not  even  satisfy  the  restrictions  imposed  by  his  model. 
Note  that  here  the  parameter  estimates  do  satisfy  the  restrictions  of 
my  model  even  when  the  output  equation  is  included. 

Since  this  model  does  not  just  make  predictions  about  the  stochastic 
processes  followed  by  the  aggregate  variables  but,  instead,  starts  by 
making  predictions  about  individual  prices  and  quantities,  it  would  be 
desirable  to  estimate  and  test  this  model  using  microeconomic  data.   In 
particular,  the  ideal  procedure  would  be  to  estimate  jointly  the  equilibrium 
(represented  by  the  movement  of  the  aggregate  variables)  and  the  objective 
functions  of  individual  firms  (represented  by  the  movement  of  firms 
specific  variables). 

Less  ambitious  undertakings  would  include  the  estimation  of  the 
effect  on  the  aggregate  variables  of  both  particular  exogenous  prices 
and  of  shifts  in  the  labor  supply  curve.   The  former  could  be  achieved 
by  disaggregating  the  consumer  price  index,  the  latter  by  estimating 
jointly  a  labor  supply  curve. 


-6A- 


FOOTNOTES 

1.  This  problem  has  been  pointed  out  already  by  Nordhaus  [1972]. 

2.  Problems  of  this  type  have  been  solved  by  numerous  authors  including 
Kennan  [1979]  and  Sargent  [1979]. 

3.  This  definition  is  different  from  the  National  Income  account 
definition  of  GNP  since  intermediate  goods  are  counted  in  my 
definition  of  Y  . 

4.  This  assumption  is  made  for  expositional  convenience  only.   As 
long  as  m  follows  some  stochastic  process  whose  first  difference 

is  stationary  and  which  is  driven  by  noise,  the  noise  will  generate 
fluctuations  in  relative  prices. 

5.  Note  that  the  effect  of  the  difference  between  the  price  level  at 
t-1  and  the  long  run  equilibrium  price  level  as  perceived  at  t-1 

on  relative  prices  does  not  vanish  at  the  rate  a.   This  is  so  because 
the  price  level  itself  is  adjusting  towards  its  long  run  equilibrium 

value.   Therefore  at  (t+1)  the  impact  of  (m  ,  -  v  +  S/D  -  P^^.o^ 

2 
on  relative  prices  is  a  times  the  impact  at  t,  plus  y  the  impact 

at  t-1.  This  latter  effect  is  due  to  the  fact  that  the  price  level 

at  t+1  still  will  not  have  completely  caught  up  with  (ni  ,  -  v  +  S/D). 

6.     It  is  for  the  same  reason  that  the  aggregate  model  was  fitted 

separately  to  the  whole  price  level  and  to  a  price  index  which 

excludes  such  items  as  food. 
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7.     These  correlations  may  be  due  in  part  to  errors  in  the  measurement 

of  the  price  indices.   In  particular,  not  all  those  prices  that  con- 
stitute the  ingredients  of  these  indices  are  sampled  every  month. 
Therefore,  an  increase  in  all  consumer  prices  by  10  percent  in  a 
given  month  may  lead  to  an  increase  of  less  than  10  percent  in  the 
cpi  for  that  month  followed  by  subsequent  increases  in  the  cpi. 
Hence,  lack  of  serial  correlation  in  the  changes  of  the  true  relative 
prices  could  be  reflected  by  serially  correlated  changes  in  measured 
relative  prices.   However,  it  seems  unlikely  that  these  measurement 
errors  are  solely  responsible  for  the  large  serial  correlations  re- 
ported in  Table  1. 

8.  Note  that  the  l''s  are  not  equivalent  to  the  y's  of  (36)  since  the 
former  are  coefficients  that  apply  to  the  first  difference  of  m. 
Instead,  the  relationship  between  the  Y's  and  the  'F's  is  given  by: 

^   =  1  +  ^ 

<{»   =  f  -  f 

2  2    1 

3  2 

9.  Again,  the  'l"s  are  not  equal  to  the  ^'s  of  (36).   The  relationship 
between  the  two  is  given  by: 

\     =  1 

5  1 

6  2 


*! 

-     \ 

A. 

^ 

-  "2 

''b 

=     0 
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10.    The  one  surprising  feature  of  this  representation  is  that  both  the 
second  and  the  fourth  lag  of  m  help  to  explain  the  current  value  of 
m  while  the  third  lag  does  not.   Indeed,  if  one  simply  projects  m 
on  six  lags,  the  coefficient  of  the  third  lag  is  insignificantly 
different  from  zero  and  very  small,  while  the  others  have  neither 


of  these  features. 

11.  The  implied  estimates  of  p  are  somewhat  small.   They  are  .002  when 
seasonally  adjusted  and  .21  when  seasonally  unadjusted  data  were 
used.   This  low  value  for  p  is  the  reflection  of  the  rather  large 
coefficient  estimates  for  5.   These  lead  to  expected  future  money 
balances  not  being  imported  determinants  of  current  prices.   Instead 
only  current  money  balances  appear  to  be  important  in  this  respect. 
In  turn,  this  suggests  that  firms  are  not  overly  concerned  by  the 
future  and  that  they  have  a  high  discount  rate. 

12.  The  estimates  for  the  discount  factor  are,  once  again,  somewhat 
small  (around  .3). 
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Appendix 
The  Transformed  Aggregate  Data 

This  appendix  presents  the  data  used  in  the  regressions  reported 
in  Sections  V,  VI  and  VII. 

The  variable  m  is  the  residual  of  a  regression  of  the  logarithm  of 
seasonally  adjusted  Ml  on  a  constant,  a  linear  trend  and  a  square  trend. 
Instead,  the  variable  m  is  constructed  using  the  same  procedure  applied  to 
seasonally  unadjusted  Ml.   The  variable  p  is  the  residual  of  a  regression 
of  the  logarithm  of  the  seasonally  adjusted  cpi  on  a  constant,  a  linear 
trend  and  a  square  trend.  Meanwhile  the  variables  p  ,  p,  and  p  are  con- 
structed applying  the  same  procedure  to  the  seasonally  unadjusted  cpi,  the 
GDP  deflator  and  the  deflator  for  the  output  of  the  private  nonfarm  . 
business  sector  respectively. 

The  variable  p  was  constructed  in  two  stages.  First,  the  variable 

P  was  computed  as  the  weighted  average  of  the  price  deflators  for  the 

farm  sector,  the  statistical  discrepancy,  the  government  sector,  the  set 

of  the  world  and  the  household  sector.   The  weights  that  were  used  were 

the  proportion  of  the  product  of  all  five  sectors  accounted  for  by  each 

individual  sector.   Second,  p  was  constructed  as  the  residual  of  the 

^o 

regression  of  the  logarithm  of  P  on  a  constant,  a  linear  trend  and  a 
square  trend. 

Finally,  the  variable  y  is  the  residual  of  the  regression  of  the 
logarithm  of  real  GNP  on  a  constant  and  a  time  trend.   This  variable  can 
therefore  be  interpreted  as  being  equal  to  the  GNP  gap. 
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